
I

10

.’

.-,v

I

,’

MMINH(-4Q6
310 CT OBER 1971

RMUTAIN STM)IUH’IUINIOFI MIMJIIBOOK

CONTAMINATHIH ItOWROL
TECH IHMOGY

CIeanhg Materials for Precision Precleaning

and
Use in Clean ROOIIIS and Clean Woti Stations

IFsC36941

Downloaded from http://www.everyspec.com



I
T- -~’——

MIL-HDBK-406
Contamination Cmtrol Technolrw
Cleanlng Materials for Precis”i;nPrecleaning

I and Use In Clean Rooms and Clean Uork Areas
31 October 1971

I

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

2. This publication was approved on 31 October 1971 for printing and
inclusion in the militasy standardization haridbookseries.

,.

3. This document provides basic and fundamental information on cleaning
materials for use in precision precleaning of material to be further processed
in clean moms or clean work areas. It provides valuable information to
both design aiidlogistics personnel who are concerned with material which
requlres precision cleaning techniques. The handbook is not intended to
be referenced in its entirety for mandatory use in procurement specifications
except for inonnational purposes. Specific materials may,be specified.
No cviteria herein is intended to supersede any specification requirements.

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

Comnanding General -
US Am Missile Cmnnand
Standardization Division
AMSMI-RCS
Redstone Arsenal, Alabama 35609
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FOREWORD

The purpose of thls document is to focus the attention of
designers, clean room personnel and those persons engaged in
contamination central, on the importance of the proper selection
of cleaning materials, and cleaning agents; and their compatibi1ities
with the materials being cleaned. This report should serve as a guide
for the proper selection of cleaning materials. It does not,
however, recomnend any given cleaning agent or process for specifici
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 indepttistudies to date, of
materials compatibilities with cleaning agents, have been undertaken
as the result of catastrophic fai1ure or system malfunction.
It should be pointed out that safety and compatibi1ity testing
must be performed prior to hardware production.

i’ ●

—
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SIIFETY W4RNING
Adequate safety precautions should be taken when handl1ng any
chemical (solvent, cleaning material, etc.). Inhalation or

, direct contact with the skin should be avoided. A propriate
Rprotective clothing (suits, gloves, masks, etc.) s ould be

utilized at all times, while handling chemicals or in their
imnediate pmximi ty. Some chemicals present fire hazards
othem 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.mom
envimnment. These are recommendedvalues only, and should be
used as a guide, as some individuals are more sensitive to certain
chemicals than others.

When co~inations 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 fol1cwing fractions.

c, c* Cn

~+~+
...........

~

EXAMPLE:
General case; when the air is’analyzed—for each com orient;

\the air contains 15 ppm Carbontetrachloride (TLV=25 ,
100 ppm Trichlomethyl ene (TLV=200), and 200 ppm Methyl Ethyl
Ketone (TLv=250).

-%’’-%-+%% = %- = ‘“9

Thus the threshold limit is exceeded.

NOTE:
More detailed infonnation may be obtained fmm the Governmental
Industrial hygienists, 1014 Bma&~, Cincinnati, Ohio 45202
Or the Handbook of Toxicology Vol,.1, Acute Toxicities, prepared
by The Rational Acade~ of Sciences, National R:search Counci1.

iv
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1. SCOPE

1.10 a

This Handbook serves as a guide and establIshes the mlnlrnum
re ulrements for selectlon, storage and compatlbi1ity con-
:SI eratlons of cleaning agents for use in Clean Rooms and

Clean Work Stations and Controlled Environmental Faci1ities.

1.2. Selection of .CleaninqAqents

Unless othemise specified, the responsibi1ity for cleaning
agent selection and cleaning method selection shal1 rest with
the activity responsible for the end itern.

1.3. Conflicts.

In the event of conflict between the requirements of this
handbook and those of specifications or drawings, the conflict
shal1 be resolved by the procuring agency or -activity.

1.4.. Classification

For the purpose”of this document, the term “Cleaning Agent” and
the tetm “Solvent” wi11 be considered to be synonynmus, and shal1
refer to two basic types of agents, aqueous and non aqueous. Aque-
ous refers to water, deionized water and disti1led water and those
cleaning solutions which are, in part composed of water. Non
Aqueous solutions shal1 refer tq organic solvents such as alcohols.
ketones, chlorinated t@drocarbons and chlorofluorinated hydrocarbons.
Purity levels of these agents shal1 be determined in accordance
with MIL. STD 1246 ( ) and al1 applicable Handbooks and Specifica-
tions for the agents involved.

1.”.
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2. coNTAMIt@NTs

2.1. What are they?

A contaminant Is a~ 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 al1 cases:

2.1.1. Oxidation - oxidation products are normally
considered contaminants. The controlled oxidation of
aluminum and its al10YS is vital to the protection of
the metal.

,2.1.2. Liqht - ltght is essential to tie normal
hw=nctions; yet even minute amounts of 1ight in
a photograph c dark room where there is exposed,
undeveloped film can prove disastrous.

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

2.1.4icaLu;h~cants- although 1ubrication of many mechan-
tems is essential td the smooth, friction-

free operation of the system, the presence of oi1s
or greases (even in minute quantities) wi11 result
in lower conductivety of electrical contacts.
The contamination of a 1iquid oxygen system with
lubricants can result in a highly explosive situation.

2.2. Sources and FOS?IIS.

Contaminants are the products of activity. The activity, or
expenditure of energy, may be mechanical, chemical, electrical,
themal or radiological in nature. Al1 activities of man
contribute to the generation of contaminants. TABLE 2-1
i11ustrates the tiurces and affected environments of various
contaminants.

3 ,..”
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The nature of contamination is varied. A contaminant only
becomes such when the environment, component configuration or
situation prohibits its presence.

Alrborne contaminants are classified by their physical state as
either gaseous or non-gaseous. The gaseous contamtnants are
further brqken down as organic and inorganic gases. The non-
gaseous contaminants are also known as aerosols which take in al1
solid and 1iquid particulate matter. TABLE 2-2 shows a break-
down of these contaminants by class, subclass and typical members

* of each.

Many end iternsare clcaned of particulate matter according to the
maximum allowable size of any given contaminant the end iterncan
tolerate. To ensure that the partic1es normally found in ambient
air are prevented fmm coming into contact with an itern,ultra-
filtration is required. This will be discussed in detail in the
section on precision cleanlng. Note TABLE 2-3 i11ustrates the com-
parative sizes of partlculates normally found in ambient alr.

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 Industr~

2.’2.1.1. Crude Of1 Production - contaminants consfst
of escapfng natural gases and evaporated
hydrocarbons (ethane and methane) some carbon
monoxide, oxides of SU1fur and nftrogen.

● .’

2.2.1.2. Reffnery Operatfons - contamfnants fnclude
al1 classes and subclasses (see TABLE 2-1).
The majorfty includes hydrocarbons, oxfdes of

2.2.2.

2.2.3.

2.2.4.

SU1fur-and nitrogen and-carbon monoxide.

Metallurgical Industry - contamfnants are prfmarf1y
fn the aerosol category (smoke, dusts and
metal1fc fumes).

Orqanfc Solvents - the evaporatfon of solvents
results fn the emfssfon of all organfc gas
contamfnants.

Mfneral Pmcessfn~ - this prfmarfly contributes
to the aerosol contamfnant category.

“4
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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
(pollens, spores, plant fibers, insect and animal
parts, bacteria and viruses and dust).

TABLE 2-4 gives a breakdown of these contaminants and thelr sources.

2.3. The Environment

Second only to man in the generation of contaminants during the
precision cleaning stage, is the environment. Iihile envirunments
can be listed as air, gas, liquid, solid and surface, the factors
which most often contribute contaminants to these environments are
people, tools, fixtures, equipment, contrul devices etc.

Much of the contamination control effort is directed at the
removal of contaminants fcmm the environment before a cleaned item
comes In contact with the environment. The precision cleaning
section wil1 go into greater detail on the methods of contaminant
removal from the manufacturing and processing environment and fmm
the clean mom environment.

2.4. Men in the Contaminant Generation Cycle

The principal 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 Men Generate?

Interestingly enough, a man sitting stil1 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 wil1 generate:

Sitting or standing, wearing c1eanreom garments with no move-
ment, an individual will shed approximately 100,000 particles
per minute of 0.3 micmns and larger. The same person, with
only simple am nxwement will generate 500,000 particles.
Average ann and body movement with some S1ight leg movement,
wi11 produce oveF 1,000,000 particles per minute.

Walking: Slowly - 5,000,000; average - 7,500,000; fast -
10,000.000 particles per minute. Boiitemus activity in the
clean room can result in the release of as much as 15 ta 30,000,000
particles per minute into the environment.

5
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Sourcesof Contaminantsand the AffectedEnvlrnnments

Sources
and

Contaminant
Sun

I%%vi 01et
Visiblelight
Electro-megnetic

Radioactive
Materials
Alpha particles
Beta particles
Gansnarays
Electrons
Neutrons

Production
Processes
Uelding (light
and heat

1Soldering heat)
Machining
(vibration,
sound, heat)

Product
Heat (electrical,
mechanical,
chemical)

Vibration

Peopleand
Animals
Bacteria (spores

and vegetetive
cells)

Rickettsiae
Viruses

Soi1
Becteria
Fungi
Protozoa

Plants
Pollen
Fungi

Contaminant AffectedEnvironments
Tylse General SpecificExamples

Radiation

Microbial
(viable)

6

[

Laboratories
Air.......... Fabricationareas

Assemblyareas

[
Inertgases

Gases........ Fluid systems

‘iquids””””””[iwu,ic fluids

[

Plastics
Magneticmemory core

Solids....... Explosives
Solid statedevices
Transistors,etc.

[

Photographicfilm
Surfaces..... Magnetictape

Electricalcontacts

[

Laboratories
Air.......... Fabricationareas

Assemblyareas
Operatingrooms

[

Fluid SySt13MS
Gases........ Inertgases

Fi11 gases

1

Fuels
S01vents

Liquids...... Hydraulicfluids .
Coolants

~ Lubricants

{

Plastics
solids...... Fuels

Explosives

[

Pa*
Surfaces..... Tubes

Assemblies

{

Living coin- - People and animals
binations... P1ants

Food
Inertcom-

[

Animalwaste products
binatlons... soil

●
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Peo le:
IS In ofls

and Contaminant Affected Environment
Contamlnant Type General Specfflc

[L

aboratorfes
Air(droplets).. Fabrication areas

Assembly areas

[

Fluid systems
Gases(droplets) Inert gases

r %gases
Production
Processes:
Cleanfng
solvents

Plating baths
Machining oils
Coolants
Lubricants

Atmosphere:
Condensates

I

I

I
. .

Production
Processes:
Condenses flux

Ch%%i films
(oxides, etc.)

Cleaning residues

Product:
Condenses flux
vapors

Condenses out-
gassing products”
from plastics
chemical films,
OXides

People:
Skin oils

1

Productfon
Proncyes :

Plastic ships etc.

Atmosphere:
Dust particles

Liquid

- Solid

Dissolved

{

Liquids........

[

Solids.........

“[
Surfaces.......

[

Solvents
~draulic fluids
Coolants
Lubricants
Explosives
Propellants
P1astfcs
Meials
Inside tubes
Functional parts
and assemblies

[

Electrical contacts

Adsorbed on Bearfngs

Surfaces..... Protective covers
Inside tubes

Liquids........
[

solids.........
[

Fuels
Hydraulic fluids
Coolants
Cleaning solvents
Metals
Plastics

7
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Contaminant Affected Environment
Contaminant Type General Specific

.

People:
8a~ri a and

virus
Epfflemal scale
Hai!r
CosmetiCs
Cfgarette smoke

Clothing:
Fibers and lint

Industrial
Prucesses:
~uefes

solder and
weld splatter

Ma~d~n;~;:hi ps

Sand, etc.

Prodbct:
War partic1es
M@rial shedding
Corrosion products

Earth:
Dfrt
S and

Plants:
Pollen

1

.

People:
Body vapors

Production
Processes:

Chemical vapors
from clcaning,
encapsulsting

Combustion gases
sublimated flux

Product:
Sublimated
materials from
flux, plastic etc.

Partlculate

-,

Gaseous

Air.......

Gases.....

Liquids...

Solids....

Surfaces..

Laboratories
Fabrication areas
Assembly areas
Fluid systems
Inert gases
Fi11 gases
Fuels
iolvents
Hydraulic fluids
Coolants
Lubricants
Me~ls
plastics
Glass
ExplosfVes
Fuels .r~
EIectrical contac~
Filters 0!’ ~~
Fabrics j,
Mechanical parts
Tubtng

[
Laboratories

Air........ Fabrication areas
L Ass6anblyareas

[

fluid systems
Gases...... Inert gases

Fi11 gases

[

Fuels
Solvents

Absorbed in Hydraulic fluids
Liquids... Coolants

Lubricants

[

Explosives
Solids..... Fuels

plastics
Fuels
Explosives

A~ti~json Metals
.. plastics

. .

a ./-
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TABLE 2 - 2

Classificatlon of Air-borne Contaminants

Major Classes Subclasses
Hydrocarbons

Organic Aldehydes and
Gases Keytones

Other Organics

Inorganic Gases

Aermsols

Oxides of
Sulfur
Oxides of
NItrogen

Carbon Monoxide
Other Organics

Solid Partlculate
Matter

Liquid
PartiCU1ate
Matter

Typical Members
Hexane, Xylene, Ethylene,
Pentane, Butane, Butadiene,
Methane.

Fomsaldehyde; Acetone

Clorinated hydrocarbons,
Alcohols.

Sulfur dioxide, Sulfur
Trioxide.
NItmgen dioxide, Nitrlc “
oxide.

Carbon monoxide.
Hydrogen SU1fide, Asmiunia,
Chlorine.

Ousts, Smoke, Fumes,
Ash, Soot.

Oil mists, Entrained
1iquld droplets.

● 9
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TABLE 2-3

PARTICLE SIZE RANGE OF VARIOUS M4TEU4LS- IN MICRONS
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Sources of Contaminants

Organic Gases Inorganic Gases Aerosols
ln -G

I

~

●

I

.

Petroleum
Refining
Marketing
Production

Metallurgical
Nonferrous
Ferrous
@ey imn
Electric
steel

Open Hearth

Organic solvent
Surface coat
tl~ cleaning
Decreasing

Mineral

‘Sl!%ing
Concrete
batching

Glass and
ceramic

Insulation

Notor Vehicle
Exhaust
ElOWby
Evaporation

s
s
s

N

N

N

s

:

N

N

N
N

s
s
s

s
s

s

s
N
N

s
s
s

s
N
N

N

N

N

II
N

,s

N

s
N

ii
N

:

s

N

s

I
N

N

N

II
N

s

N

s
s

:
N

N
s

s

N

N

N

N

N

N

N

N N N

N

N

N N

N

Combustion
Heaters and

I boilers N
NI:lcineration

Other industry N s

NNatural envimtsnent N

10 .,
S-si gnificant contributlon N - Negllgible contribution

11
. . .
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- 2.4~2. People Packagfn~

To control and contain these particles, much is being done in
the area of “People Packaging”, or the containment of man’s
contaminants with garments. The IbnericanAssociation for
Contamination Control offers the folIming criteria for clean
room garment construction:

2.5.

Garments shal1 give body coverage as required. Hoods,
CO1lars and cuffs shall be adjustable to give snug fit.
As required, garments may be fastened by snaps, ties,
elastic or zippers. Garments must exhibit 1imited 1inting
character stics. The fabric of the gatments and accessories
wil1 be of a synthetic type which is nonflammable, exhibits
1Imited linting properties, has a weave and fiber which does
not exhi.bi.telectrostatic generatin property and has the

iabili.tyto dtscharge electrostatic ui1d-up.

Contamination Migration

To understand what must be done to either contain or contwl
a contaminant, the mechanism by which they move or migrate must
first be understood.

2.5.1. fluid contaminants are suspended, adsorbed,
abs= or dissolved in the 1iquid. Particles are
dropped out at the velociiiyof the fluid decreases,
or as they ,becomeattached to surfaces.

2.5.2. Solids Contaminants can be entrapped, adsorbed.
abs= or moved as the solid is moved from place to
place.

2.5.3; P@ical Contact Carriers can be the result of
migration which occurs by means of an operator’s hands,
tools, working surfaces, fixtures, etc.

2.5.4. klaves are generally produced as the result of the
pro-on mechanism as an inherent character stic
of.the contaminating energy as with light, sound, heat,
etc.

2.6. Contamination Retention

Generally, the more consnonmechanisms of contamination retention
on a surface are:

12
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- the amount of contemlnatlon retained by
‘“’”’~m!%%nal force depends on the angle of the

surface and the mess of the partlcle.

2.6.2. Electrostetlc Charges - these charges not only hold
conlamination but they also attract it from the surrounding
environniant. If possible, the polar character sties
;: ~v~ing agent should match those of the soil to

.

2.6.3. Molecular Attraction - this involves adhesion and
adsorption and the affects of van der Haal’s forces.
It is directly affected by particle size, shape,
composition and contact area, as wel1 as the surface
roughness of the part.

2.6.4. ViSCUS Surface Coatin9s - these are ccmnon cause of
retention, particularly whera machining, 1ubricating
and shin oils are present.

2.6.5. Physical Entramnent - this should be a definite
consideration for rough surface finishes or porous
surfaces,and materials.

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

lihena 1iquid capillary layer exists between a particle and a surface,
the surface tension of tie llquid acting on the particle produces
~ component of force nonnel to the surface, pmvi ded that both
the particle and the surface are wetted by the 1iquid . . .
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 . . . Uhen a charged conductive partic1e
approaches a grounded conductive surface, . . . there
is initiallY an attractive force due ta image charges before the
particle comes into contact with.the surface; however, after contact
is made, the tiarge is grounded leaving no net affect on adhesion.

A third class of adheeive force is that due to molecular interactions
. . . . Examples:of molecular forces include the interaction
of dipoles with other dipoles or with polarizable molecules,
hydrogen bonds, nwtallic 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 is especially important in 1iquld
Systerns. In a liquid system, including the case of a liquid
capi1lary layer, as a particle is pulled away from the surface
there is resistance tu the flow of the liquid into the gap.
~~fands ta retard the movement of the particle away from the

Thus a given force must be applied for a finite time
in orde~ to separate the particle a given distance from the surface.

2.7. Contamination in Liquids, Solids and Gases

2.7.1. Liquids

a ‘“

Liquids may be contaminated by sus ended particles, dissolved
!matter (combinations, gases solids or other 1iquids. Since the

llquids used as a part of a system may be continuously reused
or recycled, a level of cleanliness must be specified for the”
liquid.

2.7.1.1. Particles in Liquids - particles can be removed
~ ration, centrifugal separation

%ett%ng. Fi1tration is the most comnon method.

The fi1ters employed can be of several types:
screen membrane, fritted glass, sintered metal or
simply, a slit opening. The choice of filtration
depends upon a number of factors:

Filter/Liqul~ compatibility
Liquid quanti~
Contaminant quanti~
Permanence and replacement accessabi1ity
Liquid p~SSU~
Flow restrictions imposed by the fi1ter
Pressure variations

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

The removal of dissolved matter may be difficult
when the:1iquid and dissolved matter posess
nearly identical physical properties. Physical
property similarity also makes the detection of
contaminants diffcult.

14
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2.7.2. Solids
The contamination
dissolved matter,
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of solids may be in the form of particles,
9ases or drtmlet.s. GenerallY, the contaminants

are “dqUiI%dwhile-the solid is in a liquid sb~. Contaminants
may also be absorbed directly into the solid, especially if the
solid is 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,
brittleness.

Optical Pmperti es - changes in the 1ight transmission
and absorption.

Electrical Properties - changes in.the dielectric constant
we conductivegy of the solid.

and

Contaminants in 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 wi11 also limit the level of contaminants. Porous metertals
msy have to be protected at al1 times.

2.7.3. Gases

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

2.7.3.1. Particulate in Gases - these are generally
tration when smal1 particles

ce~ed, centrifugal separation or sedi-
mentation mqy be the mre practical removal
methods. Filtration considerations include:

Reamval efficiency for specific size particles
Quanti~ of Gas
Gas/filter ccmpatibility
Pressure requirements
Gas temperature
Prefilter requirements

2.7.3.2. Gases in Gases - The eliminaxion of gaseous
contaminants from gases is primarily a process of
maintaining the purity/integrity of the gas.
Several considerations are necessa~:

15
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Separation and removal of contaminants
w be difflCult and emensive when
th~ two gases posess identical or
very simiIar properties and character stics.

Isolation of the gas From contaminants
requires caution to ensure that the
s~”tem does not impart any contemination
In the fo!m of surface absorbed gases.

Condenstaion of gases may rasult when the
gas is converted from its natural
state to a liquid or solid. Water
Uater vapor may condense durlng this
process.

Control of chemical reactions within the
system can result in the generation
of contamination.

.,
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3.CONTAMINATION CONTROL THROUGH PRODUCT DESIGN

3.1. How Clean Is Clcan?

This is at best, an academic question equal to “How high is
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
is the determination of cleanliness levels for the end itern.
Since there is no established or industry-wide accepted standard,
the selection of a cleanliness requirement or 1evel frequently
becomes, at best, a random affair. Ref.MIL-STA . 1246 ( ].

The imposition of unnecessaryly 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 wi11 not constitute a hazard or degrade the function of the
product concerned. -

The selection of a cleanliness level can be a rational choice
if the total end assembly is considered. How will the degree
of cleanliness of this component affect the total system function?
What is an actual, realistic, allowable amount of contamination
a product can tolerate and stll1 function properly? Obviously,
a system containing an orifice one micron in diameter cannot
tolerate a cleanliness level which permits particles 5 micmns
in diameter to remain on the part after cleaning. Conversly, a
truck engine could conceivably tolerate contaminants many times
that size.

3.2. Manufactureng and Pmcessi ng Environments

The more closely attention is paid to detai1 during the manufactureng
of components, the less cont,amination it wi11 be necessary to
remove fmm the completed assembly.

3.2.1. Manufactureng Precautions

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

Deburr each detai1 part.
Clean with U1trasonics or degreasers to remove
cutting oi1s, lapping compounds and other handling
and manufactureng contaminants.

17
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Prohibit or llmlt the use of glass’balls as a grinding, ~.
or 1applng compound.

Loca~ al1 cleanlng and clean mom areas away fmm
manufactureng areas.

Employ plastic packaging and avoid the use of preservatives.
Keep all final cleaning operations In-house where possible.
Avoid jolnlngs which prevent adequate future cleanlng.
Monitor IIItrasonlc cleaning,energy levels to avoid

posslble damage to the product. ..
Package in heat-sealed double plastfc bags after ffnal

cleanfng.

3.2.2. Fabrfcation as a Contemlnation Generator

Many fabrication steps are generators of contamination by their
very nature:

EEU!!Z- sand @ -ss ~sf duess blfnd holess
capl11ary traps, entrapped gases.

Mouldfnq - Flash, nmld release resfdue, mold wear
Dartfcles.

w!%-~’e”B1fnd holes, burrs and sharp edges,
~lary traps, coolants, cuttfng ofls.

M:tl%i:gc::ca’fng”
~eanln~ - Residue, effeet on materlal.

3.2.3. Assembly Generates ContximfnatfonAlso

Assembly procedures are also a major contrfbutor to the bul1t-in
manufactureng contamlnatits:

RIvets - Galvanic cormsf on, fragments.
molts , screws - Plating, sheddfng, chips, burrs,

abras1ves.
Product flow - Contaminants fmm surfaces of tools,

~ndflxtures.work surfaces a
Welding, Brazfng, So

fum.
EE6iiiie

Cosmet?cs .
Ilderfn% - Fragments, resldues,

unes,oxfdes.
L - Etch residue, partfcles, shedding.
.- flaking’,sheddfng.
~ -Scale, hafr, lfnt, ffbers, finger prints,

3.3. Test Procedures

WhfIe ft Is necessary to test assemblfes and components at

18
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various stages of manufacture, cautfon must be taken to ensure
that during such testfng and fnspectfon, the equfpment and operatfous
employed do not impart contendnants to the components or assemblies.
When performing testfng, the operator must watch for:

3.3.1. Gages, Ffxtures and Test Equipment - flakfng,
Sheadlng, oil. dtrt, abrasion products.

3.3.2. Chemical Tests - Resfdues, dyes, corrosion.

3.3:3. 0 erations -~~. . Burrs, chips, Plating, scale, released
flu s, wear, personnel contaminants.

3.4. Storage

Storage and packagfng should fal1 hand-fn-hand here; however, a
greater amount of space is devoted later to the packaging of cleaned
ptwducts.

Storage requirements must be rigidly stated with regard to the
faci1ities. Limitations must be established for environmental
extremes of hunidity, temperature and pressure. Insect and
rddent infestation precautions must be considered as wel1 as
statements on the proper storage and shelwing receptacles.
Thfs last requirement (shelvfng and storage receptacle), may
be the most critfcal because:

3.4.1. ~ - emits harmful gases

3.4.2. Cushionin
~- often ~ti

SU1furous or acfdic
vapors w c will attack silver, cadmfum and other metals.

3“4”3~ae The vapors from papers and cardboards
- organic, acidic and ansnoniavapors attack

which are not specifically designed for packaging
electronic hardware, may ternfsh sflver and copper.

3.4..4. koDDer, Iron and Manganese - promote crackfng of
rubbers.

3.4.5. Organic Materials - pertfally cured or uncured
organic materials wil1 outgas, thereby corroding
nearby surfaces.

3.5. The Designer in Contamination Control

Last fn the lfst. but obviously the most important, fs the role
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of the designer in the control of contamination. It is the designer
who establishes the criteria for al1 of the other factors. It
is also the designer’s responsibili~ to understand fully the
nature of his materials of construction, their interrelationshipps
and 1imitations and the environments which they can reasonably
expect to see during their service 1ife.

3.5.1. The Systems Oesigner

The systems designer must, to as great a degree as possible,
ensuti:

...

...

. .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

that the system has as few deadend 1egs as ossible,
Eallowing system recirculation or purge capa ility.

that reconsoendedfiltration for hydraulic systems in-
cludes adequate coarse and fine fi1tration, and in
recirculating systems, return-1ine filtration is
provided.

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

that plumbing is done as simply as possible,
avoiding the use of adaptors and reducers, 100PS,

bends and unnecessary discontinuities.

that pipe threads and thread 1ubricants are
avoided and teflon tape is employed instead.

that shock and vibration is minimized, especially
around fi1ters, lessening the chance of ❑igration
of particles from contaminant traps.

that hydraulic system are designed wilthclosed
reservoirs.

that filtration is empleyed downstream of hoses
and disconnects.

that air is elimin@ed fhm liquid systems, lessening
the chance of high velocities across valve seats,
which promotes erosion of the seats.’

t3at provisions are made for draining of cylinden
and reservoirs which are contaminant traps.

●
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. . . that critlcal components are protected by upstream
or integral filters.

3.5.2. Desiqners Must Define and Identify

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

. . . contaminant sensitive parts.

. . . the level of cleanliness necessary.

... those contaminants which cannot be tolerated by
the system.

... the purity levels for the msterials 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 measurtng cleanl1ness.

. . . methods to be employed for excluding contaminants
from the cleaned itern.

. . . methods of servicing and maintenance operations.

3.5.3. Methods, Techniques and Considerations

The designer must make the fol10wIng constderations, 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 contaminanta.

. . . where the contaminants originate, how they
affect the itam and how can they best be
removed.
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... what cleanlng methods are suitable or compatible
WIth the materials of construction and the
total assembly.

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

3.5.3.2. Control Techniques -

1-

. . .

. . .

. . .

. . .

. . .

3.5.3.3.

. . .

. . .

. . .

. . .

. . .

. . .

elImate the contaminant and 1ts source.

exclude the contamfnants from the itern.

reduce the quantity of contaminants from the
environment to which the end item is exposed.

eliminate contaminant gathering materials.

1essen the effects of the contaminants.

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 compatlble with the
desired cleanliness levels.

define methods of monitoring for each type of
contaminant.

specify storage and packaging requirements.

22
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4. CONTROL OF SURFACE CONTAMINANTS

4.1. Cleaning of Surfaces

The contamfnation of surfaces”fs a major cause of fai1ure of
electr,fcal and menhanfcal components.

Whlle there are numerous cleanfng methods, agents and equipment
types, none represents a panacea for the removal of al1 contaminants
frnm all possfble surfaces. One of the potentlal problems fs
that any given cleening process or solvent may be fdeal at a
gfven point fn the manufactureng process, but may adversly affect
later stages of processfng or cleaning. .Itbecomes neces~ary,
therefore, to examfne the entfre cleanfng process fn relation
to al1 subsequent processes.

Surface cleanlfness is deffned by degrees of physfcal, chemfcal
metallurgical cleanliness when describing metal cleanfng.

4.1.1. Physfcal Cleanliness - the state of cleanliness
whfch feels ‘%lean the touch.” The pfece of oily
steel whfch has been WIped clean meets thfs degree.

4.1.2. Chemfcal Cleanliness - the state tn which all
res?dual organic contaminants have been removed.
Generally, this state Is achieved by fnsnerifon 1n an
alkalf solutfon.

or

4.1.3._ Metallurgical Cleanliness - that state fn whfch the
sufiace is not only free of surface dirt and oraanfc
residues, but fs also free of any oxfde fflm. ~his
fs generally achfeved by the fnrnersionof a “chemically
clean” part fn an acfd solutfon.

The dffference fn the degree of cleanlfness achfeved depends
upon the soils removed. the IMtel actlvf~ and the applied finfsh.
In some.Instances, ft may be desfrable to remove one type of
film and replace ft wfth another ~pe which fs more dfsfrable
or mare readfly controlled. For example:

... rmovf ng the oxfde fflm on a alumlnun and replacing 1t
wfth a controlled oxfde (anodizing etc.).

... removing the chromate.from stafnless steel and
replacfng ft WIth chrome platfng.

I
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... removina the oxide from alumlnun and renlacina 1t
with”iiiicatiprior to”plating.

4.2. Cleaning Forces

To accomolish any cleaninu of a.surface. anv one or anv ccmbination
of cleanjng ❑ethbds can b~ employed: Acid,-alkali, soivent,
emulsion, electrolytic, pickling, descaling amd mechanical.
Regardless which of these methods is employed, there are three
basic forces at work in the removal of surface contamination:

4.3

4.2.1. Fluid Oynamical - liquid or airstieam.

4.2.2. Inertial - centrifugal, vibrational or gravitational.

4.2.3. Direct Mechanical Contact - brushing, sanding, grinding,
etc.

Liquid Cleaniny

PrimSrily, we shalL be concerned here with the first of the forces:
Fluid Oynamical, or liquid cleaning. Liquid cleaning involves
wetting, emulsification, saponification,.deflocculation, colloidal
activity, ph, buffem, solvent power, alkaliniw and acidity,

.[:

each of which is discussed briefly below.

4.3.1. ltettin~

For a surface to be cleaned, it must first be wetted by a
cleaning solution. Hetting action brings the detergent
or cleaner in contact with the soil, which results in penetration
so that the detergent or solvent can act wher@ it is most
needed. A metal surface that is wetted completely by a
dete~ent is sepafit@ frcm the contaminant by a cleaning
film. Although wetting power is a property of all .1iquids,
the ability to wet a surface varies from liquid to liquid.
Hater, for example, pose.ssesless wetting power than acetone,
ansnaniaand most oils.

The wetting ability can be im roved by reducing the surface
fand interracial tension of a iquid. Pure water has a higher

surface tension than most oils; as a result, if water is poured
on top of oi1, it wil1 bead on the surface of the oi1 as the
two surface tensions resist one another. Ihe water is unable
to wet the oil fflm. If the surface tension of the water is
lowered below that of the oil.film, the water wi11 penetrate
and displace the oi1,

● “.,
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4.3.2. Emulsification

The forces of cohesfon which hold an ofly film to a surface
are very strong. It Is almost impossible to remove a film
by wfpfng or scrubbfng alone. As 1ong as water WI11 bead
on a surface whfch at one time was contamfnated wfth an
ofly film, the fflm persists. Whfle the surface may be physically
clean, ft may not be considered chemically clean unti1
water refuses to break on the surface.

It can be safd that fn’order to perform a cleaning operation,
emulsification must follow wettfng. The wetting of the oil
fflm results in the formation of beads of oi1 on the surface
of the water; if an emulsifying agent is present in the
solution, the ofly beads wfll be dispersed disrupted, and once
so scattered, the oi1 cannot be redeposfted on the surface
again.

When part of a fflm has been removed from a surface, a new
layer of oil is exposed to the cleaning solutfon, and the wetting
of the fflm takes place again; and an additfonal 1ayer of
oil again comes into play. Thus, ft can be seen that wetting
and emulsification are contingent upon one another, and that
the action of the two factors results in the loosening,
breakfng up and dispersion of the ofly film.

4.3.3. Saponification

Saponification is the process of chemically uniting certain
alkalfne substances and the fatty acfds in anfmal and
vegetable oi1s to form soap. The resultant soap is very much
1ike household soap in propertfe=, behavior and appearance.
Many greases consfst of a mixture of anfmal fats and
petroleum oils. Petroleum of1s or mineral of1s cannot be
saponified and must be removed through the process of
wetting and emulsification. The anfmal or fatty acfd
components of the 1ubricants do react wfth certafn alkaline
detergents, forinfng water soluble soap.

4.3.4. Deflocculation

Oeflocculation is the process of breaking up a solid or
semi-solid mass into small particles and dispersing them
throughout a 1iquld medium.
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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 partic1es.
Complete wetting of the solid is 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 cleaning solution, water acts as the solvent
medium for the detergent compounds, 1iberating the energies
resulting in wetting, emulsification, saponification and
deflocculation. The water also acts as a dispersal
medium for oi1s and particles which it wi11 not diSSO1ve,

1 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 1imitation of the aqueous solutions is that
they have little or no effect on oi1,sand greases. As
such, they are described as 1ipophobes or fat haters.

Their counterparts are described as 1ipophiles or fat

I lovers; these are the organic or non-aqueous solvents.
The organic so?vents are derived bastcally from
petroleum, coal and wood. While they are unable to”
diSSO1ve many substances which are readily soluble in
water, they do possess the ability to dissolve not only oils

I and greases, but many resins, rubber, bitureens,paraffin,
waxes and plastlcs.—

One of the major advantages of the organic solvents is
that they can be fonnulated in chemical1y neutral,.

I
sol utions, making them safe for the cleaning of the more
reactive metals such as aluminum, magnesium, copper and
zinc.

The organic solvents are often employed to remove the
carbon deposits from engines. !4hile the solvent does
not remove the carbon itself because none of the solvents
wi11 dissolve the carbon, the organics will dissolve the
resins which bond the carbon particles together.

I
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.4.3.6. ~ .

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 comnon the abi1ity ot yie?d hydngen
(H+) ions in a water solution. All alkalis will yield
hydroxyl (H-) ions in a water solution. An acid which
entering into chemical unions with other substances and
is said to be strong acid. The same holds.true for alkalis;
however, the release is hydroxyl ions. It may be concluded
that the concentrateon of hydrogen and hydroxyl ions
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) ion concentration.

The value assigned for this scale is kn~n as the pH value
of the solution. The scale is arranged with values from
O 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 O being the strongest acid
solution possible. Each increment.of pH indicates a tenfold
increase or decrease in acidity or alkali!”ity.

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 sensiti.ve
voltmetm (a pH meter) “whichmeasures the electrical potential
~a~e~ the charged ions and registers this in tams of pH

4.3.7.” Buffer Activiw

The degree of acidity and alkalinity of a cleaning solution
PIWS an important pert 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 requims a
solution which does not ionize, buffers play an important role
in the control of the solution.

4.3.8. Alkalinity and Acidity

The active alkalinity or acldity of a cleaning solution is

I
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a factor in cleanlng to the extent to whlch the detergent
Ionfzes to yfeld hydrogen or hydroxly fons. If the detergent
dfsassocfates completely durfng the course of cleanfng,
the total amount of acfd or alkalf fs made avallable for
useful cleanlng. On the other hand, ff all of the solutfon fs
not made avallable, ft merely represents so much fnert
materfal.whfch does not lay any pati”fn the cleanfng, and

!represents a rfnsfng pra lam.

I .
In the selectfon of a cleanfng compound, the value to
consider.fs not the total volume of alkalf or acfd present fn

I
the compound but rather, the total amount avaflable for
cleaning.

I In the form of a scfentffftally balanced detergent, the
chefce of each component can be justfffed fn terns of the
function assfgned to that component in the clean process..
Addftfonally, the components wf11 not only perform thefr
own fuctfons, but will refnforce each other so that the
entfre compound wf11 be more actfve and stf11 more stable
than each of fts fndfvfdual components.

4.4. Corrosfon

Many people consfder corrosfon to be the rust on a steel gfrder
or that mddfsh-.hro~ scale on the garden tool that was left out
fntie rain. These.iIreIn fact, fops of corrosfon; but the specfffc

1“
deffnftfon fn reference to electronfc component would be:

. . . “cortwf.onflsmore 1fkely to be a fflm of an organfc
con@mfnant on a relay contsct ceusfng faflure... or mofsture
leading tn malfuctfon of strfplfne. semble... or fungql qrowth
causl.ngfogging of a lens... or .?’wi%sk,rs”rultifngsea}ed
@pacf X. Deterforatfon refers b any unwanted change
fiipropertfes,.sfze or functfon, caused by envfrunmental
or service ‘condftfons...Cormslon” prgceed~ slowly and Is
often fnvfsfble, but nearly always “degradesperformance.

ML STLl1250 (M1j 31.March 67, deffnes corrmfon as:

A specfflc t e of de~rforatf on resultfng fn damige
“ror fmpafnnen of meti31s0+ metallfc parts as tie

result of attack by @fsture,, afri.acfd,:alkall,,chernfcals
or electmchemf cal actfbn. Although mechanical stress
Is a factor in certafn types of cormsfon, damage or
breakage as the ,J%SU1t of purely mechanfcal load or
shock fs not 1ncluded.

28
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Non-MetallIcs are often affected by ex osure to adverse
envlrmmental conditions. RTABLE 4-1 s ows the effects of
motsture on non-metellic msterfals.

4.5.

W!KkL
Effects of Mofsture on Ndn-t4atal1Ic Materials

Electrical Progertles ,,

Increase: Surface Conductlvity
Increases Loss An91e

. Increases Capacitance
Increases Dlsslpatlon Factor
Reduces Volume Reslstlvlty
Reduces Dielectrlc Strength

Physical and Mechanical Pmpertles

Swel1ing
DistortIon
Decompositlon
Change in Strength
Wtcking and Moisture Retention

Funqal Resistance

Encourages Fungal Growth

Corrosion Forms

There are several forms of metal comoslon. Intesgranular,
crevfce, stress-corrosion-cracking,hydrogen embrittlement and
galvanic corroston, are discussed briefly below.

4.5.1. Intergrenular Corrosion

Because metals are not completely homogeneous,sune areas
(often the grain boundaries) are more susceptlable to
corros?sm then others. In alumfnum alloYs, the 9rein
houndarias are.anodic.to tha grain cen~e~. In ~ damp
corrosl?e environment, PIttlng may occur 1n a preferential
patter, clearly outlInlng the grafn coundarfes. Brasses
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with more tian :15percent zinc are subject to a form of
intergnanular corrosion called !’dezlncfification” in which
thezinc is r@muved, leaving only a porous copper part.

4.5.2. Crevice corrosion

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 cel1” corrosion, or differential aeration.
It is usually found on corrosion-resistant steel, Iconel,
nickel, aluminum and other metals whlch may be either
“passive” (protected by a thin oxide film) or “active.”
The passfve film does not persist in the presence of
electrolyte, and In the absence of oxygen; thus, the metal
1n the joint where oxygen cannot penetrate Wi11 become
“active”, and therefore, anodic to the rest of the part.
Residues from solder~ng 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 ~n
service. Heat treatment, (especially rapid
quenching), welding, grinding, joggling, swagging,
bending and severe forming, excessive tightening
of fasteners, pressfits and tapered bolts, al1
produce high levels of stress in parts.

4.5.3.2. The Favorable Environment

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

TABLE 4-2

Favorable Environments for Stress-Corrosion-Cracking

& Environment

Steel AlkalIs, nitrates, hydrogen cyanide
Hydrogen sulfide, anhydrous liquid
ammonia, sodium chlorid~ solutions,
marine atmospheres.

Chromium Stainless
Steels (over 12% Cr ) Halides, hydrogen sulfide, steam.

.
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TABLE 4-2
(Con’t)

..-

Austenitic Stainless
steel (18%Cr, 8%Ni,
300 series) Chlorides, caustic.
PH Stainless Steel Chloride Solutions, marine atmosphere
Copper alloys Ammonia, mercurous nitrate, steam.
Gold alloys Iron chlorides, potassium cyanide.
Magnesium alloys Sodium chloride/potassium chromate,

fluorides, moisture.
Alumlnum al10YS Sodium chloride solutions’,tropical

environments.
Nickel alloys Caustic, hydrofluorosilicic acid.
Monel, [conel Hydrogen fluoride vapors.
Titanium alloys Red fuming nitric acid, hydrogen

chloride, d~ molten chloride, salts
chlorinated hydrocarbons.

4.5.4. Hydrogen Embrittlement

Closely associated with stress corrasion is hydrogen embrittle-
ment. This is prlfirily a problem In high strength iron
base and nickel base alloys and titanium. When these
high strength (or highly stressed) metals are acid cleaned,
pickJed, electroplated, welded or othe?wise exposed to
nascent hydrogen, they may pick up enough hydrogen to
cause them to crack spontaneously, in what is known as a
delayed fai1ure or fracture.

4.5.5, Galvanic Corrosion

A frequentproblem resulting in the failure or malfunction
of many components ts that of galvanic corrosion resultlng
from the contact of dissimilar metals. This OCCUK 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 alkall.

~fvegt~l:ther canditlons are favorable to the cormsl on
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4.5.6.. Porous Casttngs
Any surface wnlch .9porous offers an aid to corrosion
since contaminants and moisture can CO1lect in the oDenimas

I and cause corrosion of not only the part, but the surroun~ing
parts also.

4.5.7. Fungi and Bacteria

A detalled discussion of the problem of bacterial attack
on metals is offered in a 1ater 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 1ayers of materials.

4.5.8. Metal Khiikers

@ny metals. including tin,
wi11 grow “whiskers” durtng
hennatically sealed.

4.6. Corrosion P&vention “

zinc, cadmium copper and iron,
storage even when they are

In each of the corrosion situations mentioned above, there are
specific steps.which can be taken to eithw prevent or 1essen
the possibility.of the corrosion taking place.

4.6.1. Interqranular Corrosion

Selection of the proper grade and heat treatment condition
of the metal and the provision of protective coatings
whe~ possible will lessen the possibility of intergranulap
corrosion.

4.6.2. Crevice Corrosion

Since the presence of water or other electrolytes is a key
factor here, the sealfng of jofnts wi11 prevent this form
of attack.

4.6.3. Stress Carrosion

The metal,.the stress and the “environmentare the ~ree
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
rembve the corrosive element.

32 ,.
@

.)

Downloaded from http://www.everyspec.com



I

I

I

I

I

I

‘: ●

1“

I

I

10

MIL - HDBK
31 October

4.6,4. t(ydrogenEmbrtttlement
Care should be taken, If possible, to avotd acid clean~ng,
plcklIng and electroplateng. The designer should select
materials and processes which mtnlmlze the danger of
embrfttlement:

4.6.4.1. Choose organlc fiIMSor vacuum deposlted filMS.

4.6.4.2. If plating Is necessary, use a.lkaltnebaths
or other processes designed for low hydrogen pick
up,;use cadmium instead of ztnc or chromium;
shot peen before.platlng; stress relIeve before
plating and Imnedlately afterward.

4.6.4.3. Use materials not subject to ~drogen
Embrittlement such as, 300 series corrosion
reslstant steels and oxygen-free or deoxldlzed
copper.

4.6.5. Galvanlc Carmsion

Anythlng which reduces the potential dlfference between
metals involved, or lessens the contact of the metals
reduces the chance of galvantc corrosion. One may group
metals by their compatibility (TABLE 4-3) or by their
electromotive otential (TABLE 4-4). The former, represents

!groups of meta s‘which are considered similar to one another
and may be coupled with oti.ersIn the same group, but not
with those in other groups. The latter‘representsacceptable
couples bases on the electromotive potential. Note also,
TABLE 4-5 which offers,problems; solutions and examples
for the prevention of galvanic corrosion.

TABLE 4-3

Compatible hietalGroups

-406
1971

. .._-

Group 1 Group 2 Group 3 Group 4

Magnesium Aluminum and Zinc
and al10YS al10YS Cadmium

Aluminum 5056 Zinc Steel
5052, 5356, Cadmium Lead
6061, 6063 Tin / Tin

Tin Stainless Stainless
Steel Steel

\
Tin-lead “= Nickel and

33
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Copper and
alloys

Nickel and
alloys
Chromium

Stainless
Steel

Gold
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TABLE 4-3
~

Group 1 Group 2 Group 3 Group 4

Solder ‘ ?11Oys Silver , -

Tfn-lead
Solder ,..

4.6.6. ~

The damaging effects of fungi and bacteria can be 1imited
or elimlnated through several precautions: choose materials
which are fungi-inert; keep equlpment dry and use fungicides.
See TABLE 4-6 for listing of some fungi-resistant materials.

TABLE 4-4

Galvanic Couples ●:.,

EMF Permissible
G~up Metalurgical Category (~;:) Couples

Gold, gold-platinum, platinum

2 Rhodium, graphite 0.05 ‘[
?

--,:

3 Silver o

4 ~~~~]hmonel, high nickel-copper alloys, -0.15 !1

T
5 Copper, low brass or bronze, stlver solder,-.2O

German silver, high copper-nickel alloys,
nickel-chromium, austentic (type 300)
stainless steels

6 Commercial yelJm brass and bronze -0.25. 1[
?

7 High brass and bronze; naval brass, -0.30
muntz metal

8 18% chmmi urntype steels -0.35 11

NOTE: o = Cathodic ● = anodic
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TABLE 4-4
(Con’t)

Group

8

9

10

11

12

13

14

15

16

17

18

Metalurgfcal Category EMF

18% chromiurntype steels -0.35

Chromium, tin, 12% chromium type steels -0.45
*

Tin-plate; tin-lead solders; terneplate -0.50

Lead; high lead alloys -0.55

Aluminum, wrought, 1000 series -0.60

Iron, low alloy steels, annco iron -0.70

Alumlnum, 3000, 6000, and 7000 series; -0.75
aluminum silicone castings

~;~];m castings (other than si1icone); -0.80

Hot dip zinc, galvanized steel -1.05

Zinc -1.10

Permissible
Couples

I

‘1[

1

Magnesium

—

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

I Preventlng Galvanlc Corrosion

Problem Solution Example

I Diss~mllar
,Metals

I Dissimilar
Metals

~

Dissimilar
Metals

Dissimilar
metals

Contact

Contact

Electrolyte

Electrolyte

Electrolyte

Electrolyte

General

Select permissible”‘couples.

P1ate with compatible metal
to reduce ,potentialdeference.

Keep affected area of less
noble metal (anode) as
large as possible

Apply corrosion inhibitors
such as zinc chromate paste.

Interpose inert barrier or
gasket to prevent the contact.

Paint the cathode, or both
of the metals.

Avoid design which allows
moisture to be entrapped.

Use desiccant.

Seal joint with organic insulator,
alkali resistant.

Seal faces of the metals
against contact with the
electml yte.

Use cadmium in prsiferenceto
zinc plating.
Use tin or nickel plated hardware.

Use nickel, not
naval brass,,next
to silver.

Tin coat steel
and bronze used
together.

Stainless steel
hardware in aluminum
may be satisfactory
because of 1arge
area of aluminum.

Assemble dissimilar
metal hardware
with zinc chromate.

Vinyl tape, cadmiurn
plated washer,
rubber gasket.

Primer, paint or
sealant.

Avoid the use of magnesium...
: x,
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TABLE 4-6
Funqi-inert Materials

Fungf-fnert fn a?l
Conditions

Acrylonltrile-vinyle chlorfde
copolymer

Asbestos I

Ceramics

Chlorlnated polyether

G1ask

I Metals

Mlca

,-

●

Plastic landnates:
S11fcone glass fiber
Phenolic nylon ffber
Diallyl phthalate and

polyethylene terephtha’

Polyacrylonftrfle

Polyamfde

Polycarbonate

Polyettiylene

Fungi-fnert in some grades

Acetal resins
Cel1ulose acetate

Cellulose acetate

Epoxy glass fiber

Eposy resfn

butyrate

1amfnates

Melamlne-formaldehyde

Natural “rubbers

Phenol-formaldehyde

Poly“methylmethacrylate
Poly vfnyl chlorfde
Poly VInyl chlorlde acetate

ate

Poly vfnyl fluorfde

Plasticslaminates

Synthetfc rubbers

Urea-formaldehyde

Polymonochlorotrifluoroethylene

Polypropylene

“Polystyrene

Polytetrafluoroethylene

Polyethyleneterephthalate

Poly vfnylfdene chlortde

Sllicme resfn

37,
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4.6.7. The Environment

As indicated in the section on the selection of materials and
storage faci1ities, the environment is a serious factor to be
reckoned with in the prevention of corrosion. Many organic substances
of highly corrosive vapors as shown in TABLE 4-7. Man again comes
into the picture as a prime contributor of ccrrosive conditions
(TABLE 4-8).

TABLE 4-7

Organics as a Source of Corrosive Vapors
Severely Somewhat Not

Material Corrosive Corrosive .Corrosive

Adhesive Ureaformaldehyde Phenol-for-
maldehyde

Gasket Neoprene/asbes- Nitrile/asbes-
tos resin/cork tos glue/cellulose

,.

Insulation
(wire) Vinyl Teflon

Polyvinylchlor- Nyloll
ide/vinylidene Polyimide ““
f1uoride

Sealer Polysulfide Epoxy

Sleeving Vinyl Silicone
Polyvinylchloride

Tubing. Neoprene, shrink-
able

Plastics,’ Melamine ,, Polyester
I ABS Diallyl Phtalate

Phenolic

Varnish Vinyl Alkyd

Epoxy

Polyurethane
Polycarbonate

o “
..

Silicone

Silicone
Epoxy
Polyurethane

I
*

I *
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TABLE 4-8

Mamnade corrosiveconditions”

Environment Produced by During Attacks

Corrosive
Liquids

High
Temperature

High
Temperature

High
Temperature

Ozone

Acid

Air

Corrosive
Gases

Corrosive
Gases

Corrosive
Gases

Corrusive
Gases, acid

Corrosive
Gases

Oil or
grease

Pool of water

Cleaning

Exotherm,
Encapsulant

Cure
Encapsulatant

Lack of cooling
or short

Melding
Machines

Incomplete
cleaning

Insufficient
Packaging

Sulfur in
paper

Undercured
organics

Packing
Materials

Overheated
insulation

Propel1ant

Leakage

SumP area

Diester cils Lubricants

Fabric~tion

Fabrication

Fabrication

Tee:i:

Fabrication
or storage

Fabrication

Fabrication
or storage

Fabrication
or storage

Storage

Storage

Test or
service

Test or
servlce

Storage or.
rework

Storage

Insulation,
Components

Insulation,
Components

Insulation,
Components

Insulation,
Components

Rubbers

Metals,

Conductor
surfaces

Si1ver

Metals,
Plastics

Cadmiurn
other metals

Metals,
conductors

Plastics,
metals

Cadmiurn,
paint

Everything

Storaqe Neoprenes,plastics
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TABLE 4-9

Selection of Coatlngs for Mlninwm Corrosion

!!LWE!%. Reconsnended Not Recommended

Contact with aluminum Cadmium or tin Chromium, copper,
or magnesium silver, gold

Pre-paint coating Cadmium or tin Chromium, copper,
nickel, gold,
sflver

Tarnfsh preventfon Rhodfum over
sflver

Gold over si1ver,
copper or nickel

Nfckel between copper
and sf1ver

Marfne exposure Heavy gold 0.00030
Inch mfnimum

Solderabf1ity Tfn, gold or tin-
lead

Storage — Gold, rhodfum, or
ref1owed heavy tfn

Wear Chromium, nfckel,
rhodfum or hard
gold

;~:~~ chromfurn,

Cadmfum, silver,
copper

Cadmfum, tfn

40
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4.6.8. Metallic Coatings

Frequently, the designer may conslday the use of coatlngs for
the prevention or 1imitetion of corrosion. TABLE 4-9 offers
a guideline for the selection of a metal1ic coating for
corrosion prevention.

4.6.9: Material choices ,

The designer has the option of choosi,ngmaterials which can
1imit the dangers of corrosion and 1essen the chance of
product fai1ure. TA8LE 4-10 offers a partial 1istin9 of
materials which cannot or should not be combined in a
IIroduct. TABLE 4-11 proposes an additional selection of
Incompatible material”coinbinations.

When the designer is aware of the environment his product
wi11 see, he can choose miterials which can be used in
that environment. TABLE 4-12 offers a choice of plastics
which can be used in various corrosive environments at
both room and elevated temperatures.

TABLE 4-10

Incompatiblee Materials

Do Not Use

Copper/manganese with Rubber

Cyano-acrylate sealants with cellulosics,
methacrylate
polycarbonate
styrene vinyl

Diester oi1s With ,Neoprene/plastics

Hydrocarbons/ketones With Acrylics, cellulosics
vinylchloride

Ketones, estem,
alcohol With Vitwl butyral

Paper With Copper or si1ver

Si1icone oi1s and
greases, With Metals to be coated
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TABLE 4-11

Exarnples of Incompatible Materials

Material

Acid
, .

Alkali

Ammonfa

Copper, iron,
manganese

Cyano7acrylate
sealant.

Dfester ofl

Hydrocarbon
solvents

Organlc vapors

Paper, cardboard

Polyvfnyl chloride

Silicone 011
or grease

Is incompatiblee wfth

Acrylic, alkyd, cellulosic, polyamide,
polyester, polyethylene, urethane

Acrylfc, alkyd, cellulosic, polyester

Cadmfum, copper, zinc, cobaltous chlorfde
humfdity fndicaters

Rubber

ABS, cellulosic, methylmethacrylate,
polycarbonate, vinyl

Polychloroprene (neoprene), vtnyl

Acryl”fc, cel1ulosfc, polycarbonate,
polystyrene, si1fcone

Cadmfum, zinc

Brass, copper, si1ver

Zfnc,~l umfnum, magnesium, brass,
copper, lead, tin, tin-lead, gold
plate over brass

Most organic coatings

●

● “
,.

I
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TABLE 4-12

P1astic Resfstance Toward Varfous Corrosfve Medfa
at Room Temperature and 2000F

At Room Temperature:

Polyvfnylchlorfde;
possesses excel1ent resfstance to- ,

strong acfds, strong bases, alfphatfc solvents,
weak.bases and salts,

good to excel1ent resfstance to-
strong oxfdants,

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

unacceptable resistance to-
chlorinated solvents

Polyvfnylfdene chlorfde (saran);
possesses excellent resistance to-

strong acfds, strong bases, alfphatfc solvents,“
weak bases and slats.

good rasfstance to-
chlorfnated solvents, strong oxfdants

fafr to good resistance to-
aromatfc solvents, esters and ketones

Polyethylene;
possessesexcellent resistance to-

strong acfds, strong bases, weak bases and salts
strong oxfdants

unacceptable to poor resistance to-
ammatfc solvents, esters and ketones, aliphatfc
solvents

unacceptablee resistance to-
chlorfnated solvents

Polysytrene;
possessesexcel1ent resfstance to-

strong bases, weak bases and
,.. salts

43
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TABLE 4-12 (Con’t)

unacceptablee to poor resistance to-
strong acids, strong oxidants, aromatlc solvents,
esters and ketones, aliphatic solvents

unacce tab]e resistance to-
Ec lorinated solvents

Polychlomtri fluoroethylene; .
possesses excellent resistance to-

stmng acids, arcmatic solvents, esters and
ketones, aliphatic solvents, weak bases and
salts, strong oxidants, strong

poor to fair resistance to-
esters and ketones

unacceptablee to poor resistance to-
strong bases, strong oxidants

Polyester;
possesses excellent resistance to-

aromatic solvents, chlorinated

good

poor

to excel1ent resistance to-
esters and ketones, weak bases !

to fair resistance to-
strong bases

bases

solvents, aliphatic solvents

and salts

unacceptable resistance to-
strong oxidants

EPOV;
possesses excellent resistance to-

aromatlc solvents, chlorinated solvents, aliphatic solvents,
weak bases.and salts

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

fair to good resistance to-
stmng acids

unacceptable resistance to-
strong oxidants

—

●

●
✌
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TABLE 4-12 (CON’T)

~

I

I

I

““o

PolyvinylIdene flouride;
posesses excellent resistance to - strong acids, aromatic solvents,

chlorinated solventsalIphatlc solvents, weak bases and salts,
strong bases

Good resistance to - esters and ketones

fair resistance to - strong oxidants

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

strong bases, chlorinated solvents, aliphatic SO1ventsi weak bases
and salts

good to excellent resistance to - esters and ketones

unacceptable resistance to - strong oxidants

Furan;
posesses excel1ent resistance to - strong acids, aromatic solvents.

chlorinated solvents, esters and ketones, aliphatic solvents

good to excellent resistance to - weak bases and Salts

good resistance to - strong bases

unacceptable resistance to - strong oxidants

Polymethyl methacrylate;
posesses excellent resistance to - weak bases and Salts

fair resistance to - strong bases

unacceptable resistance to - strong acids, strong oxidants, aromatic
solvents. chlorinated solvents, esters and ketones, aliphatic
solvents

Polycarbonates;
posess excel1ent resistance

good resistance to - strong

fair resistance to - strong

poor resistance to”- $tmng

to - al i phatic solvents

oxidants, weak bases and sal:s

acids

bases, esters and ketones

unacceptable resistance to - aromatic solv~nts, chlorinated solvents

45

Downloaded from http://www.everyspec.com



MIL - HDBK - 406
31 October 1971

TABLE 4-12 (CON‘“

● ’

)

Polyamides;
posess excel1ent reslstance to - aliphatic solvents, aromatic solvents,

chlorlnated 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 - allphatic solvents, weak bases and salts

good resistance to - strong acids, strong bases

falr resistance to - strong oxidants

poor resistance to - esters and ketones .-

unacceptable resistance to - aromatic solvents, chlorinated

Polysulfides;
posess excellent resistance to - aliphatic solvents, strong

strong bases

solvents

acids,

good resistance to - strong oxidants

poor res~tance to - aromatlc solvents,,estersand ketones, weak bases and

unacceptablee resistance to - chlorinated SO1 vents

VInyl esters;
posess excellent resistance to - alIphatic solvents, weak bases and

salts, strong bases

fair to good resistance to -

unacceptablee reslstance to -
esters and ketones

strong acids, strong oxidants

aromatlc solvents, chlorinated solvents, I

At 2000F

Polyvinyl chlorldes;
posess no resistance, above the operatlng temperature of the plastic.

46
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TABLE 4-12 (CON’T)

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

Polychlomtri fluoroethylenes;
Dosess excellent resistance to - stronq acids, stronq oxidants. arbmatic

solvents, strong bases, esters an~ ketones, aliphatic solvents,
weak bases and salts

Polystyrene;
posess no resistance, above the operating

I Phenolic;
Posesses excellent resistance to - stmna

temperature of the plastic.

acids, aromatic solvents,
chlorinated salvents, aliphatic salients

Polyesters;
posess good ta excellent resistance to - aliphatic solvents

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

fair Resistance to - esters and ketones

unacceptablee to fair resistance to - strong bases

unacceptablee to poor resistance to - strong oxidants

Epoxies;
posess good to excellent resistance ta - aliphatic solvents

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

pear to fair resistance to - strong acids

poor rasistance to - esters and ketanes

unacceptable resistance to - strong oxidants

I Palyvinylidene flourides;
posess excel1ent resistance to - strong acids, aromatic solvents,

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

poor resistance to - esters and ketones,-strong OXIdants
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TABLE 4-12 (CON’T)

Chlorinated polyethers;
posess excellent resistance to - strong acids, strong bases, allphatic

solvents, weak bases and salts

fair to good resistance to - chlorinated solvents

poor reststance to - aromatic solvents
t

unacceptable to poor resistance to - esters and ketones

unacceptablee resistance to - strong oxidants

Furan;
posesses excel1ent resistance to - strong actds, aromatlc solvents,

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

good resistance to - strong bases,

unacceptablee resistance to - strong oxidants

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

Polycarbonates;
posess good resistance to - al1phatic solvents

fair resistance to - strong oxidants, weak bases and salts

unacceptable resistance to - aromatic solvents, strong bases, chlorinpted
solvents, esters and ketones

Polyamides;
posess excel1ent resistance to - aliphatic solvents

a“ .,

good resistance ~ - aromatic solvents, chlorinated solvents, esters
and ketones, weak bases and Sal-

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 saltsk-,.

fair resistance to - str~ng acids

.,. .
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TABLE 4-12 (CON’T)

poor resistance to - strong oxidants

unacce table resistance to -
[

aromatic solvents, esters and ketones,
c lorinated solvents

Polysulfides;
posess fair resistance to - strong acids, strong bases, aliphatic solvents

poor resistance to - strong OXIdants

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

vinyl esters;
posess excel1ent resistance to - strong bases, weak bases and salts

good resistance to - al1phatic 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: Seve~ attack, deteriorated
Poor: attacked, softened, SWO1len
Fair: miId attack
Good: S1ight attack
Excellent: Inert
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5. GROSS CLEANING

Gross cleanln~ would not normally be considered a contamlnation
control method 1n the aerospace ~ndustry; it Is however, notmally
the first stage or step In the total cleanfng environment that
a part or component can expect to see. If the gross cleanlng Is
inadequate, the ffnal precfsfon cleanfng then becomes a monumental
task and ft is unlikely that all possfble sofls wI1l ultimately
be refived. A part or system fai1ure may be the end result.

We shall dfscuss brfefly, the nature of some of the gross cleanfng
operations and procedures.

5.1. Barrel Cleanfn$

AS fts name would freply,barrel cleanfn9 fs perfomed tn a
rotatfng enclosure and is accomplfshed by the actfon of parti
tumbling fn a medfum. Generally the medfa and parts occupy 50
to 90 percent of the barrel volume.

Barrel cleanfng may be uses for the removal of ofl and grease
although other methods are generally more sufted for that type
of cleaning, Barrel cleanfng is more ccsnnonlyemployed for
descaling rather than cleaning. Acfd compounds are the normal
medfa preferred for thefr faster action. Wettfng agents and

I abrasfves may be uses as supplements.

Dry trmblfng fs frequently empleyed for the removal of mi11
scale. sand and hardened mold release materials from castings
and forgfngs.

To ensure the best possible results from
must consfder:

barrel cleanfng, one

reaching sufficient
parts on the barrel

Comuound - correct chefce must be made for applfCatfon,
non-corrosiveness and adequate concentration.

Water Level - the level should be sufficient to prevent
excessfve tumbling but not filling the barrel.

iiedium - choice must be made considering materfal sfze, shape
and quantfty.
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Work Pieces - sfze, configuration and composition should
be consfdered.

-remove unwanted elements.
- parts and ;arrel must be flushed after tumblfng

.,5.2. MechBnfcal Cleanfn~

Mechanical cleaning fs employed only for the removal of gross
sof1s by efther abrasfon or erosfon. Several of the more
common mechanical.methods are dfscusses:

Grfndfng Wheels - portable or statfonary grlridersare
empleyed to remove‘heavyweld splatter, flash and seale.

WIre Brush - manual or power brushes are uses for
removal of weld seale and 1fght oxfdes.

these are part of the manual process
wa~ of heavy metal sof1s.

a- thfs process fs very good for the removal
ofls, grease and S1udge when pressurfzeal.

Chippfnq - hanuierand chfsel can be used for weld
removal, scale and heavy weld splatter.

the

for the

of heavy

bead

52

Wfgfnq - solvent saturated wfpe cloths can be uses for the
removal of ofls, greases and dfrt.

5,3. Abrasive Blast

Abraslve blast cleanfng employs the :forceful Impingement of
partfcles against a metal for sof1 removal. Some of.the con?non’
abrasive blast cleaners are: Sand, grit and glass beads for
strong abrasfon. Crushed corn cobs, rfce hul1s and walnut shel1s
may also be used when a milder abrasion fs desfred.

When abrasfve blastfng Is employed, the pe~onnel operatfng the
equfpent must be protected with suftable apparel, safety glasses.
fndependent afr supply etc.

The abrasfve materfal fs propelled by.efther compressed afr or
a rotating, bladed wheel. There is a major disadv~ntage to the
bladed wheel fn that the dfrection of the abrasive cannot be
controlled to place.the shot where ft is most needed. While the
compressed afr propulsfon can be more exactly controlled, it

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

TABLE 5-1 glves a comparlson of the wet and dry abrastve blastlng
methods.

. TABLE 5-1

I Abrasive B1asttng Methods

Uet— ~
I

Type & Force Used Compressed Air Compressed Air

~

Media
HIgh Speed B1ower

Alumlnum Ox~de Metalllc shot
Garnet
Quartz

Netallic grit
Aluminwn oxide

1-

I

I

I
,0

t$vaalite

Organlcs
G1ass beads

sol1s R~ved Light rust

Surface OXIdes
Light mill scale

Ifeldingscale

Garnet
Quartz
Novacul1te
Silica
Organlcs
Glass or
plastic beads

Rust

Mold sand
Ml11 and heat-

treat scale
Weldlng flux
Paint
Carbon
Weld splatter ‘

&;$.’ Washers

The possible conblnatlons of types of washers and cleanlng solutlons
Is nearly unlImited. Nest washing equfpnent Is custom desfgned
for specific processes. The equ?ptknt fs characterized by the
fol1owlng features:

Work size or “wlune capacity
Type of washing action
Number of stages
Automation
Part movement type
Filtration system

53

Downloaded from http://www.everyspec.com



MIL - HDBK - 406
31 October 1971

Parts washers
multi-stage.

are grouped by types:

5.4.1. Single-Stage

The single-stage washer employs
as the cleaning.method. It msy
automation, and it is generally

single-stage, two-stage and

iinnersion, spray or steam
be operated manually or by
used for low quantity operation.

5.4.2. Two-Staqe

The “~o-stage washer Is generally a spray or paddle wheel
type. One of the stages may be rinse or dry operation.

5.4.3. Multi-Stage

The multi-stage washer employs automation. It Is general1y

I
conveyorized, using rollers, endless belts, monorai1s or
rotating spiral drums. The multi-stage washer generally
includes several washes with both ririsingand drying. .-

I It is designed for high quantity production.

There are numerous cleaning agents available for washers.
Pmong them are included: detergent, acid, alkaline and
solvent solutions.

5.5. Aqitation

Agitation of solvent solutions improves soil removal by physical
actton, carrying the.sol1 away and ieplacing it with fresh
solvent. There are two means of attaining cleaning agent
agitation: movement of the part and movement of the solution.

me part can be moved by the use of an endless wire belt or,
as in ba~l cleaning, the use of roteting drums or hanrels
which provide additional tunbling action. Oscillation or
off-center rotation may be used if the parts are racked or placed
in baskets. The baskets may also be moved @ th,‘theparts in them.

Solution agitation can be attiined by boiling the solution,
which sets up convection current$. The danger here is the
possibility of fire, vapor, or deccmposition hazard, resulting
in a corroslve condition. Compressed air may be forced through
the solutfon, but this can result in the excessive foeming of the
solution @en detergents are used. Paddles in the solution wI11
~o”~d~ a continuous large volume of solution moving against the parts.
IIIisis especially effective against fines,and chips contemination
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 entfre part.

Circulation pumps have found great favor where the part to be
cleaned is compatible with that method. It is especially good
when Inunersion c1eaning 1s done and when the part configuration
is such as to prohibit internal observation of cleanliness by
normal visual means.

Some other methods of gross cleaning are:

Orbital Finishtnq - high centrlfugal forces are concentrated
in barrels attached to the periphery of a rapidly
revelving turret. The two rotate in opposite diractions.

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

Electrochemical Deburrin - this method involves a selective
electml yte actlon 1ch concentrates on the burrs only.

Vibratory Finishing - parts, media and compound are processed
In a vibratory tub.

Chemical Surface ~ndi tionin - acids are used to etch.
metal surfaces to seve thousandths of an inch.

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

This method is accomplished by one of the following
methods:

flaming the metal surface
Telsa discharge over the metal surface
Placing the metal in a glow discharge at reduced gas pressure.

A review of these methods wi11 reveal that no one method and no
given cleaning solution is going to be suitable In all instances.
It should be noted that clcaning surfaces is a decision-making process
based on the factors of economy, safety, solvency, availability and
suitability.

I
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6. PRECISION CLEANING
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There is no exact definition of what actually constitutes:pre-
cision cleaning. The nearest one can come to describing the
pwcess 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 visualIy 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
increases to meet the new requirements.

6.1. Methods

6.1.1. Vapor Oegreasers

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

6.1.1.1. Desiqn

Although degreasers are generally designed by the
manufacturer for specific uses, the general character-
Istics of the system are fairly universal. Figure 6-1
il1ustrates the basic parts of the.degreaser.

Size - should be determined by the dimensions, production
~@. qnd racking methods enlployedby the manufacturer.

Freeboard - the space above the vapor level. The free-
rd minimizes the escape of vapors and lessens the

p~blems of vapor disturbance by movement in the
, surrounding environment.

Heat - should beIsufficient to: heat the maxiumum work
=; meet any internal distillation requirements; and,
compensate-for normal thermal losses.

I
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Condenser -must be sufficient to condense al1 the
vapors generated at maximum heat input.

Safety Thermostats - an automatlc heat input shut-off
1ocate~ the normal vapor level to insure
that the-vapors wi11 not rise above the condenser level
1n the event of unusual heat conditions or condenser
fai1ure.

Cleanout -
~.

provisions should be made for easy machine

Water Separators - will minimize the formation of
water/solvent vapor mlxtures which are easily 1ost 1nto
the air.

Racks or Baskets - should be no larger or heavier than
necessary, too Targe a basket wi11 act as a piston,
forcing the vapors into the surrounding air;

Hoists - should be set to ooerate at a maximum verticle
-of 12 feet
and solvent loss

6.1.1.2 ~

Vapor decreasing units
‘w~ththe decreasing to

● ‘

per minute”,minimizing vapor disturbance
into the surrounding environment.

●✛
often combine several clcaning methods
increase the total efficiency of the.

cleaning cycle, frequently, the degreaser 1s arranged to
repeat the vapor phase of the cleaning. The most common
degraaser arrangements are: FIGURE 6- 1

-onto the part when processes through the normal
- used when the soi1 to be removed WOU1d have

vapor phase, the spray is cold and used as the first
step in the system. FIGURE 6-2

Vapor-Spray-Vaoor- more effective in the removal of
medium light sofls from parts with cmnplex configurations
and blind holes. FIGURE 6-3

- for the removal of light soils, soluble in
-sing solvent. FIGURE 6-1

Vapor-Inmersion-Vapor - for the removal of medium
heavy soils from thin wall parts or smal1 bulk parts
loaded into baskets or other conteiners. FIGURE 6 -4

58
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Bollinq Solvent-Cool Solvent-Vapor - Very effective on
heavy soils and where complex configurations are involved.
F19ure 6-5.

Ultrasonic - When combined with vapor decreasing, the
end result Is a very high degree of cleanliness.
Generally followed by spray and vapor rinses.

These are by no means the total possfble combinations but any
special applications or requirements should be discussed with an
equipment manufacturer, who can furnish designs to suit any needs.

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

6.1.1.3 Solvents

To choose the solvent best suited for an individual vapor decreasing
operation, one must consfder the materfals being cleaned, the contam-
inant to be removed, the material configuration and the cost of re-
clamation of the solvent.

The most conmsonlyused solvents in vapor decreasing are:

Trichloroethylene
Perchlorethylene
Trichlorotrffluoroethane
Methylene Chloride
1,1,1,-MWsyl Chlorofoiln (Trichlorciettrhne)
Speciffc Azeotropes

6.1.1.3.1 Characteristics

Generally, the suitable vapor decreasing solvents all possess the
following characteristics:

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

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

Non-Flammabi1fty - flamnable solvents would not be
suitable for use in a vapor degreaser where elevated
temperatures are a requisite part,of the system.
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Downloaded from http://www.everyspec.com



MIL - HDBK - 406

,0
TABLE 6-1 Vapor Deqreaser Limitations 31 October 1971

Topic Limitation Reconsnendation

1 Aciciity

1.
Rust

I
Heat

Chlorides

Thin-wall

!:● ‘arts
B1ind
Holes

Convol-
uted parts

Metal
Castings

Oil im-
1 pregneted

metal parts

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

Ferrous parts which have
been degreased are subject
to oxidation.

Hight temperatures are
dangerous for certian rub-
bers and plastics.
High temperaturemay also
bake on certain soi1s.

The chlorides formed by the
decomposltion of solvents
wi11 attack some rubhe~ and
metals as wel1 as plastics

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

May present draining pmb-
lems and may not be properly
cleaned.

Solvent entrapment.

Due to porosity, all of
the contaminants may not be
removed. MSy weep oi1.

Bearings and bushings may
be oi1 impregnated for part
life, decreasing will

Monitor solvent acidity.
Clean degreaser at regular
intervals.

Apply rust profing solutions.

Check maximum safe operating
temperatures.

Monitor chloride co~tent.

Use vapor/spray/vapor cycle.

Use vapor/spray/vapor cycle
U1trasonic plus vapor,
rotate part to.drain.

Rotate during degreasi09.

Use U1trasonic-vapor
decreasing cycle.

Mild solvent surface wipe
-or brush, or degrease and
relubricate.

remove lubricant.

63
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I
the safety and health of the operating
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
recnverv and nermlts effective control of the solvent
vapor 1evel.

Chemical Stability - the solvent should remain stable
3n both the liqui{ and vapor phases after repeated
c1eanlng cycles. Reactlve metal fines and chips
should not decompose the solvent. Solvefits.which
hydroltze easily should be used within! limitations.

- the boiling point should be low enough to limit
-nqulrements and allow easy separation ?rum the

I dissolved soils by distillation. The boiling point must also
be high enough to permit efficient condensation of the vapors

I without refrigeration.

See TABLE 6-2 for a cornparlson of the pruperties of the various
I vapor decreasing solvents.

Generally, the following chqracteri,sticscan be attributed to
each of the individual solvqnts:

Trlchloroethylene

● “

Efficiency and cost mak this solvent the optimum one
Easily control1ed stabi1izers
Acceptable part temperature at the completion of
cleaning
High solvency
Easy disti11atton
Moderate boi1ing temperature

Perchlomethyl ene

Rempves the moisture content of aqueous solutions
Low’”tendency to hydrolize
digh boiling point resulting in:

better removal of tars and waxes with melting
point in 190-250°F range complete drying of parts
reduced staining of 1ight gage metal, costly heating
requirements, bakirig-onof insoluble contaminants

●
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high solvent vapor temperature results in compatibi’
problems

Methylene Chloride
Lowest boi1ing point

i ty

Reduced heating”requirements
Minimal cleaning time
Minimum part cooling tinre

Low vapor density
Not suitable for aluminum
lljdmlysis occurs readilY

Trichlomtki fluoroethane
Highest vapor densfty
Low boiling point
Chemically stable
Easily reclaimed through simple distillation

6.1.2.

The removal
of vaporous

Very low toxicity -
Mild solvent

U1trasonic Cleaning

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

“Ultrasonic” refers to those ene@y vibrations above 20,000 Hertz,
which is above the range of audible sound (normally fmm 20 to 20,000
Hertz-with a general 1imit of 16.,000hertz for older persons). Figure
6-6 i1lustrates these ranges.

6.1.2.1. Components

An U1trasonic cleaning system is comprised of three basic
components:

U1trasonic Generator - which produces U1trasonic
Oscillations which are relayed to. . .

The Ultrasonic Transducer - which converts the electrical
~mpluses into mechanical vibrations of the same
frequency. The transducer is in turn attached to the. . .
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The Transducer zed 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 medium such as metal,
the medfurnand the sound energy vibrate at the same
rate. When sonic energy travels through a liquid,
the 1iquid ruptures (cavitates~,. . . small pockets
are created whlch

+
Immediately CO11apse or im lode

This phenomenon occurs. only at or above t e sonlc
intensity level of the threshold of cavitatfon.
The rapid fmplosion of these reptures fn great
quantlty, creates a vigorous scrubbing action on any
surface fn contact wi*A the area of cavitatfon.

The transducer attached to the cleanfng tank vfbrates
at U1trasonic frequency. Iu’hen$t moves “towardthe
lfquid fn the tank, a high pressure (compression)
wave is formed; a low pressure (rarefication)wave
1“sproduced as the transducer moves away from the
liquid.

If the amplItude of the transducer is great enough,
the low pressure wave wf11 reduce the pres$ure of
the 1iquid below its vapor pressure and thousands
of minute bubbles wil1 be fo~d. When th~ high
pressure wave Is created, the vapor bubbles’recon-
dense; as this fmplosion occuis, the scrubbing
actfon Is created.

6.1.2.3. Solvent Property Effects

The vapor pressure, surface tensfon, viscosfty and
density of the solution are the properties-which
have the nmst pronounced effects OP the efficiency
of ultrasonic cleaning.

- the vapor pressure of the 1iqufd affects
~of cavita$fcin. As the vapor pressure fncreases
the threshold decreases. A 1fquid WIth low vapor pressure
absorbs more of the U1trason~c energy in gettfng to the

68 .,
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threshold and 1ess energy remains to cause the formation
of more cavitation bubbles.

The cavitation bubbles of a liquid..withlow.vapor pressure
wi11 implode with greater force because of the higher
internal-external pressure differential. While the more
intense or ‘harder” implosion may be an aid to the
scrubbing, the number of cavitation bubbles formed in a
liquid with low vapor pressure may be PO low to create
suffiiient scrubbing. The better value here is the middle
range of vapor pressure.

Surface Tension - high surface tension would 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 al1 of the U1trasonic energy With the
end result that the bubble WOU1d not grow to sufficient
size to offer any effective scrubbing force whatsoever.

Low surface tension on the other hand does not require
much energy to reach the point of cavitation but the
bubbles may grow too 1arge and implode too softly to scrub
the surface sufficiently. The best value in surface tension
wi11 also be an inteqnediate 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 1iqu.id.
In the case of viscosity, the lower the value, the better
the cavitation.

- while it takes more energy to expand the vapor
win a high density liquid, the implosion force is
greater than that of a low density liquid. Generally, the
hlqher the density the better suited the 1iquid is for
efficient cavitation.

It can be seen therefore that the “ideal” cleaninq solution WOU1d be one
of moderate vapor pressure and surface tension, low vlscosity and high density.

Since temperature wil1 ?ffect al1 of these p~perties, (Low temperature
wil1 cause: higher density-which is good and higher viscosity, . lower

$
va gr.pressure, and higher surface tension whiCh are undesirable”. Hiah
te erature near the boiling point wjll cause: JoweF viscosity.whikh is good
and lower density, lower surface ~sion “andhigher vapor pressure which
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are undesirable; the most intense cavitation will occur at .a point wel1
below the boiling point of the llquid.

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

Lower Interracial tension providing better solution/
part contact

Lower surface tension, 1essenlng energy losses
Penetrate the soi1 rapidly al1owing maximum scrubbing

action at the part/contaminant contact point
Chemically react with soils
Disperse and prevent the redeposition of soi1s

6.1.2.4. How Is the System Evaluated?

Generator - the function of the generator Is to
~ine voltage into high frequency elect-
rical energy. A comnon method for the evaluation
of the generator is by describing the power intenslty
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 mch of Transducer Face - divide
lhe 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 fnterpret specific Information about
the system:

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

Watts per Square Inch of Transducer - indlcates power
~ntensity for sidemounted transducers.

Watts per Square Inch of Tank Cross Section - indicates
power intensity for complete tank. Normal rating for
bottom-mounted transducers.

70
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Transducer - the transducer converts electrical
~mpluses from the generator into mechanical vibrations
on the cleaning tank. Transducers are generally one
of two types, magneto-strictive or piezoelectric.

Maqneto-strictive - these transducers are not as
popular as piezoe)ectric types but are still widely
used. Thesti’devices use an arrangement of coi1s
and a metallic core. Most of them operate at 20,000
Hz but some can be pushed to 50,000 Hz. The
energy transfer is generally less than with the
piezoelectric units.

Plezoelectric - these are generally ceramic type
units; barium titanate for general use and 1ead
zirconate for heavy duty and high temperature
applications.

Freauency - while there Is theoretically a ful1
range of frequencies to choose from, not al1 of
them are suitable for cleaning applications.

Those frequencies below 20,000 Hz, whiIe they cover a wide angle
in the tank, are inefficient because they 1ack 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 cavitatit!nis a
straight and narrow path from the transducer. Frequencies in
the 90,000 to 100,000 Hz range show only S1ight loss.of CaVitation
area, penetration into deep crevices and hidden areas is excel1ent,
cleaning speed and effectiveness is greatly improved over the.lower
frequencies and the noise level is very low. See TABLE 6-3
for a comparison of the cleaning frequencies.

6.1.2.5. How is the Cleaninq Monitored?

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

6.1.2.6. What must be Considered?

Numerous considerations must be given for effective ultrasonic
cleaning. TABLE 6-4 1ists some of the Jeneral considerations
to be given and TABLE 6-5 lists the considerations for electronic
component cleaning.

Downloaded from http://www.everyspec.com



L
.J

~

TA
BL
E
6-
3

r

Co
mp
ar
is
on

of
th
e
St
an
da
rd

Cl
ea
nf
ng

Fr
eq
ue
nc
ie
s

0 ~1

--
-—

O
z 0-
0

~~

Fr
eq
ue
nc
y

An
gl
e
of

Ra
ng
e
1n
.

En
er
gy

fr
um

Kf
lo

He
rt
z

Tr
an
sd
uc
er

16
25

to
35
°

~
to 30 30

-4
15

to
25
°

Pa
to 45 80

11
to

15
0

:

--
-

No
fs
e

Sf
ze

of
Pa
fn

Le
ve
l

Ca
vf
ta
tf
on

Se
ns
at
fo
n

Bu
bb
le
s

Hf
gh

La
rg
es
t

Pr
fc
kl
ng

se
ns
at
fo
n
on

tf
ps

of
’f
fn
g-

er
s
up
on

fn
sn
-

ar
sf
on

Bu
zz

Me
di
Um

Se
ns
at
fo
n

si
,m
i.
1ar
to

Cl
ea
ni
ng

Mo
st

fn
ex
pe
ns
fv
e
fo
r

1a
rg
e
fl
at

su
rf
ac
es

or
fn
te
rf
or
s
of

ta
nk
s

an
d
tu
be
s.

No
t
ge
ne
ra
l1
.v

re
co
ns
ne
nd
ed
fo
r

co
nf
in
ed

ar
ea
s
be
ca
us
e

of
hi
gh

no
fs
e
le
ve
ls
.

Go
od

fo
r
ge
ne
ra
l
cl
ea
n-

fn
q
of

me
di
um

an
d
la
rq
e

el
ec
tr
fc

sh
oc
k
s~
rf
ac
es
.

Go
od

fo
r
-

on
ff
ng
er

sm
al
l.
ca
st
fn
gs
.

na
fl
s

Li
tt
le

Sm
al
le
st

In
te
ns
e
pa
fn

Be
st

ra
ng
e
fo
r
cl
ea
nf
ng

in
jo
in
ts

of
of

sm
al
l
tf
gh
tl
y
pa
ck
ed

ff
ng
er
s

pa
rt
s.

Ab
fl
ft
y
to

pe
ne
tr
at
e
po
re
s.

.0 -.
’

7
● ✚

✞

Downloaded from http://www.everyspec.com



TABLE
6-4

Monitoring
U1trasonic

Cleaning

Device
of

Measurement
Principle

Characteristics
or

1imitations
Method

Foi1
Cavitatlonal

Cavltation
Erosion

intensity
erodes

the
imnersed
foil

strip
1

Bead
or

Tank
vlbra-

steel
ball

tion
causes

bounce
movement

Energy
in

the
solution

pro-
duces

vibra-
tion

of
the.test

tube
and

In
turn,

makes
the

bead
or

bal1
bounce

Heat
rise

Solution
Ultrasonic

Temperature
energy

causes
a
rise

in
solu-

tion
temperature.

Cavitation
Cavitation

Probes
pick

meters
intensity

noise
freq-

uencies.

The
effects

are
nrw

apparent
in

water
than

in
.s01vents.

Easi1
performed,

with
fair

reliab-
.itity.

i“
No

Stan
ards.have”been

est.ablished.
Evaluation

is
based

on
visual

observation
and

comparison.
Limited

to
before

or
after

clean-
ing

readings,

Easily
performed

but
not

readily
and

meaning-
ful1y

interpreted.

Plotted
curve

of
temperature

versus
time

should
approximate

a
straight

1ime.
Degrades

trans-
ducers

can
pruduce

heat
which

gives
a
false

reading.
Not

an
accurate

measurement
of

cavit-
ation.

Direct
readout

and
quick

test.
Some

units
do

not
have

frequency
range

switches.
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TABLE 6-5 31 October 1971

● Considerations for U1trasonic Cleaninq

Factor Remarks

Cleaning Selection must be made for the soi1s to be
Solution removed. fluid level must be high enough to

‘preventdamage to the U1trasonic tank.

Oegassing Cleaning solutions should be degassed before use. Shallow
tanks.,higher solution temperatures and higher power intensity
with a pulsed wave allows faster degassing. Time depends on
solution used.

Insnersionof Parts must be removed from and introduced into the tank
parts slowly, while in operation. If there is any screeching, the

parts are being 1ntroduced too rapidly and the generator
is being strained.

Part loading Neither parts or the parts basket should be on the tank
bottom. High density parts should be each exposed to direct
U1trasonic waves. Part cross-sectional area should not exceed
75% of the tank area.

Basket design A basket with too high a mass can reduce the effectiveness

● of the cleaning.

Part position 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 1east 3/4 in. of solution.

Ndses 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 liwid, (3)

~ resonant bubbles, or (4) two-or more unsynchronized generators.

Fi1tering Particulate matter must be removed from the cleaning
I solution. Those may be accomplished by using a continuously

recirculating fi1tration system.

I
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TABLE 6-6

Characteristic

Considerztions for Cleanlng Electronic Components—

Reinarks

●✎

Physical makeup Components produced by some manufacturers are not
structurally sound enough to WIthstand the shock Imposed
by ultrasonic cleanlng.

Power intensity Any del1cate component has an upper power intenslty 1imlt
WIth referenc~ to time.

Power unifermity Non-uniform power intensity can expose components to
higher 1ntensities than those which can normal1y be
tolerated and are recommended for safe operation on the
components.

Mass of load Electronlc components, partlCU1arly ctrcuit boards,
should be U1trasonically cleaned in racked loads, not as
Indlvidual parts.

Mel 1 time The time the parts are Immersed to the U1trasonic cavitation
should,be very C1OSE1Y controlled. 5 to 15 seconds is
generally sufficiento

Cleanlng solution The type of solutlon has a direct effect on the type of
g,,

cavitation produced (hard or soft). Solutlons ,’

which produce fairly soft cavitation should be used, i.e., “ “
a solutlonwlth high vapor pressure and low surface tension
be employed.
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TABLE 6-7
Laminar F1ow Advantages and C)isadvantages

Advantage

Clcan-down
capabi1ity

Particles wi11
see the item
only once.

Reduced
Maint.anance

Class 100

Control of
humldfty and
temperature

Garments

;0

Air locks,
Atrshowers

Oisadvantages
Increased
volume of air
required.
Vertlcal rooms
require mm-e
clearance

Original
Cost

I
10

&M!L

Air velocity is generally great enough to carry away
contamtnatlon generated or carried into the facl1ity.

Any airborne partlcle wi11 see the item only once
because of the alrf1ow pattern.

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

the

attainingVertlcle laminar flow facl1ities are capable of
a class 100 level and with good management, wi11 even
exceed that level.

The volume of introduced air is so great that the
maintenance of desired levels is greatly simplified.
The air which is recirculated is easier to.hai.ntain
at the specifted xondttions.
Garment restrictions may be reduced from those of a non-
laminar facility. Continued high standard of garment use W+1i
lessen the chance of contamination however. The faci1ity
should not be relied upon to dissipate all generated particles.

Except in microbial or sterile conditions, air showers,
aouble door airlocks, and large dressing rooms are not
usually necessary. Again, such precautions do 1essen the
danger of contemination and decreases the load the room
or faci1ity is expected to withstand.
Reason
Higher velocity air requires larger fans, motors and
ducts.

The floor and ceiling plenums of vertical rooms occupy
4 to 6 feet of vertical height. This space must be
added to the height of the room itself to determine total
vertical space requirements.

In tetms of initial cost”,the vertical facility costs
nnre than other types of equipment, but it offers
greater efficiency and reduced maintenance costs.

A horizontal system wi11 cost less than competitive
faci1ities with improved efficiency.

...7.,
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6.1.3. Drying Methods

Dfrectly related to cleaning Is the drying parts. There are
several drying methods available and a17 must be monftored to
insure the contlnuance of the establfshed cleanlfness 1evel.
Some of the methods displace the water from a part and others
remove it by evaporation. There are three general types of drylng
systems, tnechanfcal, chemfcal and .thennal. Detai1ed 1nfonnation
‘m the methods under each of these catagorles fs presented fn
TABLE 6-7.

6.2.’ The Envfronmtlt

6.2.1. The Clean Room

Al1 of the precautions taken to Insure maxf.mumcleaning efffciency;
solvent purfty and msterfal purfty are valueless ff the envfronment
fn whfch the product fs handled and cleaned fs not also as controlled
as the rest of the factors.

Essentially, the clean room fs a control1ed envfronmental facf1ity
where every effort fs made to insure the elIminatfon of contaminants
and their sources.

Rased on the afrflow characterlstlcs of the mom, the fad 11iY
Wf~1 fal1 fnto one of @o bread catagortes, the 1amlnar or non-
laminar flow design.?

6.2.1.1. Non-Laminar Afrflow
.

Comnonly referred to as a “conventfonal” clean room,
these facflftfes are characterized by:

Afrtfght structure fnto whfch afr fs fntmduced
at a predetetmfned rate.

Nrsonnel are “packaged” completely.
The facf1fty fs constantly vacuumed or wfpeal,

The air fn the room fs changed at a rate of 15 to 20 changes per
hour. The afr movement patterns fn non-lamfnar facf1ftfes are
frreqular and offer many opportuniti~s for contamfnants to settle
on work pfeces.
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TABLE 6-7 Drying Method Character sties 31 October 1971

Mechanical Methods

.Wipj~ - absorption by wiping material -
use.1int free cloth; usually gross or a predry operation;
Not preferred because of sloughing problem.

Alr“Blowoff - Ph sical fo~e” of’air Stm”arndisplaces cleaning solution -
7K{r supply Ine must be fi1tered,possesswater trap and

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

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

Sonic - Gradient of moisture content near surface of the part
fidi fied b air agitation from sound waves -

{Not wide y employed with metals. Can be used with heat
sensitive parts and where high velocity alr stream might
cause damage.

Chemical Methods -

Alcohol and Acetone - Combines clcaning and drying, water

!
absorptlon, ra id drying -
Hiqhly flansnabe, effective in some cleaning.

Freon ~AD 352 - Water displacement -
R~ves Iarge or small quantities of water from metals,
plastics and material combinatipns.

Freon TWD 602 - Water emulsiflcation, vapor evaporation -
Dries traces of residual water frum surfaces, smal1 holes,
and cracks, used in ultrasonic or vapor decreasing
equipment.

Trisec - water displacement-.
~lorinated solv?nf,cationic surfactant. Vapor degreaser.

Thermal Methods -

Ovens - Evaporation by heat -
mot applicable for heat sensitive materials. Should

be recirculsting, indirect gas-fired or electrically
heated, with high volume static exhaust.

Infrared and heat 1ight bank - Evaporation by heat -
Not normally used in contamination control situation.
.Conveyorfzedoperatlon.
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The non-laminar facility possessespoor self-cleaning ability .~nd
the time required to exhaust contaminants increases as the rat:
of generation increases. The best means of combatting contaminants
is to employ garmented janitorial employees constantly vacuuming
during the area working hours.

Since there is a 1ack of control in the non-1aminar room, there is
a need for smooth surface$,and a total 1imitation of ledges,
crevices and projections on which contaminants‘might lodge.
Stainless- steel has Ion been an accepted m te ial and all “ “

tare covered to provide e sy cleaning. A ha ~ g{oss, non cali~;~ts
surface is also satisfactory, it must be frequently clcaned
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 wi11 accommodateonly 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
is the bunny suit which cove~s 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 is basically a venti1lated enclosure designe

/

to confine and discharge odors and toxic materials e
form of fumes, gaseous Yapors? etc.)nto the atmos ere.
Fune hoods are designed ih several types or co gurations:

Conventional - an enclosurevented througtpflots at
the top and bottom of the rear wal1.

~
corporate a streamlined entrance to

Prov e a reduced face velocity. The eliminatien of
corner posts, off sets and i*regular shapes promotes
-a uniform, slow movement of air through entrance.

- Provides an air bypass to the exhaust blowers
-vent a vacuum starved condition at the blowers
wtienthe entrance is c1osed.

Ralanced - designed
~re into the

to ‘introduceuntempered air form the
entrance area so that it wi11 mix with

80
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Loc

the tempered air from the room. This is especially
good when the mom is air conditioned since It lessens
the load on the condltloners due to 1oss.

Since the hood generally exhausts alr 1nto the butslde environment,
precautions must be taken when the exhausted gases are toxlc or
cormslve, to prevent contamlnation of the atmosphere.

“6.2.1.3 Lamlnar Alrflow

A lamfnar air flow Is one in which the entire body
of air within an enclosure or room, moves at a
uniform velocity along parallel 1ines. The Laminar
Airflow may be In either a vertical or a horizontal
dlrectlon and the rate of mgvement covers a wide
range of velocities. The velocity for a vertical
air flow Is normally 90 + 5 lineal feet,per minute,
while the horizontal fac~ ity wtl1 range fmm 100
to as great a 140 feet per minute, depending upon
the length of the faci1ity.

Lamlnar flow facil1ties have several advantages
and dlsadvantages (see TABLE 6-7); severql
characteristics differentiate the horizontal and
vertical facl11ties.

6.2.1.4 Vertical Laminar Alrflcx

A V@fcal Lamlnar Alrflow (vLF) employs the
Laminar flow prlnciple WIth the air mnvlng fmm a
fi1ter bank In the cel1ing downward through a
grating in the floor. The VLF mom provides the
following.advantages over other types of clean moms:

Can operate wel1 with In the class 100 level.
Operates well utillzlng a wide range of air

velocities.
Offers rapid retqovalof generated contamlnants

fmm the sworn.
Lessens the possibl1ity of cross-contamination

bqtween adjacent operations in the mom.
Lower ~anltorlal costs.
Mlniml2ss the effects of personnel emlssion.
Long term operation and MS!ntenance proves

less co$tly than other faci1Itles.

io

!
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TABLE 6-8
Vertical Lamlnar Flow Room Requirements

●’
Ceiling

floor

Walls

PIenum

Air Velocity

Construction

Shoe
Clcaners

Composed entirely of supporting frame work.and ~cepti-
fied-to-be-) leak-free HEPA Filters. The seal around
the fi1ters should be 1eak-free and any openings for
wiring or sprinklers must also be leak-free.

The’enti,rearea should serve as an exhaust and should
be made up of a grating or perforated metal with an
open area of at 1east 60% of the floor space.

Normal materials are satisfactory if they are fjrmly
fixed and all joints are sealed. The interior surface
of the faci1ity must be a hard gloss, non-shedding
surface. Strips, 1edges and wal1 irregularities must
be eliminated because they wil1 result in the creation
of irregular flow characteristics.

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 overal1 efficiency of the “room.

To attain a class 100 level, the lineal air velocity
measured 12 inches from the face of the HEPA fi1ter
must fall in the 90 ~ 10 ft./rein.range.

The general construction requirements should include
a specification that the ro~m be capable of maintain-
ing a minimum of PIUS 0.05.In. WG pressure.

These are not generally needed because of the Floor
grating. If the location is such that excessive amounts
of contaminants are brought into the room, then a brush
vacuum shoe clcaner should be considered.

82 .’”
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Some of the basic design requirements for vertical 1aminal flow
rooms are 1isted In TABLE 6-8.

Portable VLF units are available whlch provlde the capabl1ity of
enclosing 1arge cumbersome components in controlled environments.
The portable facilities will provide a class 100 level of clean-
liness. The portable units are curtained In plastic, have their
own blowers and filter banks and 11luminatlon. They may even be
used out-of-doors, providlng the WInd veloclty 1s less than 20 mph.

One precaution with the portable unit: If the unlt is not in constant
use and has frequent shut-downs of more than a minute, the unit
should be allowed to purge itself for about five minutes prior
to use again. If the shut-down periods are in excess of 4 hours,
the purge tfme is 30 minutes, accompanied by a vacuuming of the
interior.

In addition 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 wi11 operate wel1 within the class 100
range.

6.2.~.5 Horizontal Lamlnar Alr Flow

The horizontal facl1ity differs from the vertical
flow design in the directfon of the air travel.
In the horizontal design,the HEPA fi1ter bank
comprises one entire wal1 of the room or tunnel.
The opposite wal1of a room 1s an exhaust grating.
Horlzontal rooms are not character zed as being
of ‘oneclass, 100, 10DOOO etc:, they are always
“zoned”. The class level betng detenuined by the
distance from the ff1ter bank.

The celling height fn the horizontal facility needs
only to be adequate to contain the equipment being used.

The alr velocities In a horizontal faci11ty needs are
higher than those of a vertical room because:

The alr travels a gr6ater distance and the higher
velocities ensure that the particulates remaln
su:pended in the air.

Obstructions above the work level become a
problem when the alr flow is horizontal:

83 “-
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The minimum veloclty 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 faci1ity is critical because the
operations of one station may effect al1 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 contemination.

........

6.2.1”.6 Horizontal Airflow Tunnels

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

The tunnel is always erected within another
building.

The tunnel air sup ly is taken from the
Rsurrounding atmosp ere.

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

No positive pressure is maintained in the tunnel.

Temperature and humidity is 1imited to that
of the surrounding atmosphere.

The open-ended horizontal alrflow tunnel offers
these benefits;

Rapid clean down

Lowest cost per square

Although not portable,

foot

relocation is economical

Easily enlarged or reduced in length.

Very low maintenance costs

6;~.1.7 Horizontal Airflow Work Bench

● ✌✛✌✌

The horizontal work bench”provides the ca”pabi1ity
of establishing a localized clean zone. The
horizontal bench can operate within the class 100
range when the air velocity is 90 ~ 5 ft/min.

84 . . ●
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The horizontal work bench offers several advantages:

Rapid self-clcan-down

Ready access to work area through open front

Minimal personnel restrictions other than
normal training.

6.3 Packagin~

Packaging, in general, constitutes enclosing an iternin some
material to protect it from some environmental condition. The
idea of clean packaging is Rally quite simple; the package must
be able to maintain the cleanliness 1evel of the item throughout
handling, storage and transportation unti1 further assembly or
use. To achive this goal, certain conditions must be met:

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

The cleanliness level of the cleaned packaging material
must be maintained until a closure is made.

The packaging must be done in a clean envimnment.

Stringent clean packaging techniques must be observed.

The package must be constructed and sealed as to
prevent the entrance of contaminants fmm outside the
package.

The packaging material itself must not contribute to
fl~i~tamination of the itern,except within acceptable

.

6.3.1 Packaqing Elements

The ‘basicelements or parts which comprise a complete clean
package are;

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
problems because of their sloughlng characteristics.

10
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They are heat sealable and good barriers to certain
environments.

Environmental Package -Used to provide an. add-
itional 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
materials is not as significant a problem here.

Intimate cushion - When the packaged it~ contains
sharp edges, protrusions or external threaded
portions, protection is needed to prevent penetration
of the intimate or environmental package.
Cushions must be as clean as the item they protect.

6.3.2. 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-contaminateng among al1
films now in use. Not a good moisture barrier.
Because of poor moisture resistance, normally”
requires an environmental package such as
polyethylene.

F1uorohalocarbon (Aclar) -This is the only
packaging material which is compatible with LOX.
While Aclar abrades more easily than nylon 6,
the sloughed particles are LOX compatible whi1e
other materials constitute a potential explosive
hazard on impact in LOX service.

~
- Excellent resistance to

a ras on and grease and oil, low moisture per-
meability. S1oughing from flexing is somewhat
higher than nylon and heat sealing is very diffiCU1t.

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 dissimi1ar
metals may promote corrosion. Environmental or
intermediate packaging use is desirable because
of high resistance to grease, oils, acids, heat,
moisture penneabi1ity and its nonflammabi1ity.

Composite films - Comprised of two or more films
~n sandwich layer, offers the desirable properties
of each film empleyed. A recent addition to the
packaging area is a laminate cal1ed NY1o-F1ur
Essentially, it is a nylon, Aclar 33C combination.
Sandwiched between the 1ayers, where the ink
cannot slough off its’ printing which identifies
which side of the film should be IN or OUT for

II
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 is impossible ta achieve an Aclar
to Nylon seal.

6.3.3. Attack by Packagin~

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)
~s harmful gases. Oak, cedar and chestnut
are especially bad.

Cushioning materials - often give off sulfurous
or acidic vapors, attacking si1ver, cadmium and
other materials.

Paper and cardboard - if 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.

- 406
1971

‘e

I

Downloaded from http://www.everyspec.com



MT I - HIYIK - 406

●

,,. - .,----
7. DETAIL REQUIREMENTS 31.October

The detail requirements for’solvent or cleaning agent selection
for specific applications shal1 be those stated in MIL SPEC_.,
Section 5.

7.1. Properties

. .
1971

Uhen selection of .a.solvent.or.cleani~ :agent is.necessar
physical properties of the solvent mus
applicability.

f be considered to ~~t~gine
The properties to be considered are: Solvency,

toxicity, nonvolatile residue, flammability, boiling range knd
freezing point, particulate content and the thermal and chemical
stability of the agent. Property 1istings wi11 be taken fmm
)!I,bs.pq .0 and al1 applicable Federal and Mi1itary Specifica-
tftins~ti~andards.

7.1.1. Solvency

Solvency may”be measured by many means but for this handbook
and MIL:Sl?EC_., a single, known standard shall apply. Solvent
manufacturers and users have adopted the Keuri-Butanol (K-B) value
as the standami rating of solvency.

Solvency expressed in terms of K-B value is the amount of solvent
or cleaning agent which when ‘addedto a standard kauri gum solution
in butanol, produces a definite turbidity as compared to the amount
of ben~ne used in a similar titration. It is the number of millili-
ters of solvent which ,mustbe 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 wil1 appear blurred or
illegible when viewed through the flask containing the solution.
Generally, 100.0 mi11i1iters of benzene are needed to produce
this effect, and the K-B value of benzene is therefore‘theaccepted
standard.

The K-B value serves as an index of the relative solvent power
of a cleaning agent. The K-B value is not necessarily the best
means of judgement, since the value does not indicate what
solution wi11 be most effective in al1 cases. Temperature, time,
material and cleaning method must be considered.

7.1.2. Toxicity

A solvent which is ideal in all resoects of sofl removal,
compatibility etc., is valueless”if’it is sufficiently toxic
as to make it use hazardous to the operator.

Exposures to some halogenated hydrocarbons on a repeated basis
can result in serious 1iver and kidney damage. Other halogen-
ated hydrocarbons are capable of only anesthetic effects, but
while such effects can result in death after sufficient time
has elapsed, ,removingthe person from the fumes wil1 gener-
ally result in his complete and rapid recovery.
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The degree of hazard can be minimized by containing the
cleaning in a closed system. Yentf,lati.on, gas masks,
respiraters and self contained or remote breathing appar-
atus may also be employed to 1imit exposure.

While inhalation of solvent vapors constitutes the major
or most comnon hazard, contact with the solvent itself
may result in dermatitis and in some cases, the solvent
can be absorbed through the skin. In both cases, damage
to the internal organs is possible.

Halogenated solvents cause dermatitis in several ways:
They remove the natural skin d 1s by dlssolving them,
thus drying the skin; Chlorinated solvetitswfll dfssolve
the superficial keratfn 1ayer and cause red blotches
and bl1sters.

7.1.2.1. Threshold’Li,mi.tValues LTLV)

The toxfc effects of cleaning agents are of major concern
to industry, and adherence to proven safety 1fmits can
appreciably reduce the dangers from inhalatfon, and skfn
contact. The Amerfcan Conference of Governmental Industrial
Hygenfsts has establfshed threshold limft values (TLV)
for detesminatfon for the blends. The TLV represents an
exposure condftion under which ft fs believed that nearly al1
workers may be repeatedly exposed from day to day for eight
hours wfthout adverse effects.

7.1.3. Non Volatile Resfdue (NVR). ----

Particulate and other non volatile residue are of great
concern fn contaminatfon control. Gross particulates can
be detected by visual observation, but smaller matter must
be detected by fi1tratfon and mfcroscoptc examinatton. NVR
fs the soluble material and the insoluble particulate re-
mafning after tenmerature controlled evaporation of a CO1-
ati1e liquid which has been fi1tered. NVR can be deter-
mined by a~ of the followfng, as
ASTM-NVR-66 MSFC-QUAL-AMC-5
MSFC-PROC:195 MSFC-DWG-1OMO167
MSFC-PROC-245 ASTM~D-1025052

.-.
they shall be “applicable:

MSFC-SPEC-164
MSFC-DWG-A10419906
ASTM-D-1353165

7.1.4. Flamnabflit~

The halogenated hydrocarbons do not generally present a
fire hazard. The commonly used solvents, trfchloroethylene,
perchoroethylene J,1,1-trfchloroethane,trichlorotrifluoroe-
thane, and methylene chlori<e, do not have flash or .fire
points.

● !
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There are many other solvents, among them, the keytones,
alcohols, esters and petroleum hydrocarbons which present
serious fire hazards but are used because specific solvency
characteristiccs or cost factors. Caution must be exc.ercised
at the point of use to prevent the ignition of flamnable
solvents. Exhaust systems help prevent the buiId-up of
explosive vapor concentrations. Sources of flame or very
high temperatures In the use area must be eliminated.
Electrical equipment must be wel1 grounddd‘to revent the

!bulid-up of static electrlcity, and adequate f re extln-
guisherequlpment must be malntafned 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 i: primarily a problem
with the solvent blends. Usually, the halogenated solvent
is more volatile than the petroleum hydrocarbons in the
mixture. As the formulation evaporates during use, the
more volatile, non flansnableconstituent leaves the mlx-
ture first and the flwmnable petroleum solvent increases
in concentration. U1timately, a condition is reached
where the remaining solvent has developed a flash point
and becomes a fire hazard. See MIL SPEC_., for a
1isting of solvent danger points.

7.1.5. Bofllng Pofnt

Knowledge of the bol1ing point of the cleaning agent,
allows the user to e3tablish severaI things:

The ability of the agent to clean those materials
which are heat sensitive.
The operating temperature of the solvent in a
vapor decreasing applIcation.
The recovery range of the agent through distl11atlon.

7.1.6 Freezing Point

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

7.1.7. Particulate Content

When precision cleaning is performed, the agent must be as
free of contaminants as possible. When used on ultra-pure
assemblies, the allowable particulate content of the agent
is often spelled out within exacting 1Imlts. Al1owable
particulate content shal1 be determined 1n accordance with
.MILSTD 1246 ( .).

*
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31 October 1971.7.1.8. Stability

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 clcaning agents. Al1
solvents must be monitored carefully for acid and HC1
bui1d-up to avoid the problems encountered with solvent
degradation. Caution must also be exercised to insure
that solvent vapors are not drawn into the ventilation
or supply ducts for boilers sfnce the high heat encount-
ered may decompose the solvent fnto acids whfch cause
severe corrosion, or into toxfc gases such as phosgene.

7.1’9. Vapor Pressure.

The vapor pressure of the 1fquid affects the threshold
of cavftation fn an U1trasonfc applfcation as the vapor
pressure increases, the threshold decreases. A 1iquid
wfth low vapor pressure absorbs more of the U1trasonfc
energy in reachfng the threshold and less energy’remafns
to cause the fonnatfon of more cavitation bubbles.,The
cavitation bubbles of a 1iqufd wfth low vapor pressure
will fmplode wfth greater force because of the higher
interal-external pressure differential. Whi1e the more
intense imptision may be an aid to scrubbing, the number
of cavitation bubbles formed in a liquid wfti low vapor
pressure may be too low to create sufficient scrubbfng.
The better value here fs the mfddle range of vapor
pressure.

7.1.10. Surface Tension

Hfgh surface tension wi11 cause cavitation bubbles to
CO1lapse faster, creating greater scrubbing force but
at the same time, the force required to expand the bubble
increases with surface tension. A pofnt may be reached
where tie surface tension is so great as to absorb al1
of :theU1trasonic energy ti,tfian .eid re<ult being”“that”
“thebubble would not,grow to sufficient size to’.offerany
effective scrubbing”force at al1. Low“surface“tension
does not require much energy to reach the point of cav-
itation, but the bubbles may grow too large and implode
too softly to scrub the surface sufffciently. The better
.value fn surface tensfon fs the fntennediate one, offer-
lf19maximum effective cavftatfon.

7.1.11. viscosity

Hfgh vfscosi~ requfres a greater force to cause cavf-
tation. Higher viscosfty also results fn a dampfng of

,.92
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the energy being transmltted through the 1Iquid. Low
viscosity Is the better value for effective U1trasonic
cavitation.

7.1.ti. Densit~

Although more energy Is required to expand the cavi-
tation bubble in a liquid with high density, the great-
er imploslon 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 factbrs involved in solvent corrosion and that there are
me?iosavailable for inhibiting or stopping the corrosion process.
Compatibility testing prior to solvent usage is mandatory and
the addition of Inhlbltors to a solvent must be carefully monitored
to Insure that the addition does not affect the NVR or particulate
levels of the agent. The .Inhibitors must be monltoreiito Insure ,that
they are not lost through use or reclamation. See MIL SPEC
for 1Istlngs of the corrosfon resistance of various material-” ‘
the effects on various materials of construction by the solvents.

7.3. Bulk HandlIng And Storage

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

7.3.1. The Tank —

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. Consnonconstruction materials can also be
used for storage containers with the exception of aluminum
and galvanlzed materials which can fotm explosive mixtures
WIth the solvents.

7.3.2. Pipes, Fittings, Gaskets And Hoses

The piping should also be constructed of mlld steel with
welded or ~ anged connections. If threaded connections are
used, standtrd pipe dope cannot be employed because It Is
dissolvedby the solvents. flourfnated elastomer tapes,
graphite or glycerln pastes are acceptable.

S1nce natural and synthetic elastomers are attacked by the
solvents, they cannot be used as flexible hoses. Polyvinyl
alcohol Is resistant to the.solvents but must be protected
fmm water. flexible.monel,stainless or mild steel may also
be used.

93 ,.:.
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If rigid piping and swivel joints are used, the seals in the
joints must’be f1uorinated elastomers.

7.3.3. Pumps, Meters, Valves and:Gages

Side suction, posftive head centrifugal pumps are recommended
for solvent use, a deep-wel1 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 steel gate or bal1 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 Cleaninq

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

● “’
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TABLE 7-1
Non Volatlle Residue DetectIon Techniques

I

Gravimetrlc - Principle of operation - Weigh a container and
evaporate a known quantlty of solvent, reweigh the
contafner, the gain Is the NVR.

‘Sensitivity- 0.01 ppm by wefght
Time for detennlnatlon - from .75 to 8 hours
Unlt of measurement - Mi11igrams per volume,

-.

converted to ppm by weight.

I

10

NeDhelometer- Princl le of operation - Solvent 1s made into
!an aeroso and sempled by 1Ight scatterl”ngphotometer. ‘

When the NVR Increases, the rate of evaporation Is
“decreasedresultlng tn 1arger aerosol droplets
producing greater signal output.

Sensitivlty - 1 ppm
Time for detetminatlon - 5 minutes
Unit of measurement - ppm by weight or volume.

Solvent DurlW meter- same as nephelometer
Sensitivity - 1 ppm
Tfme for determlnation - 1 minute
Unit of measurement - ppm by weight or volum.e.

Spectrophotometry - Prlnclple of operation - Absorption of
electromagnetic radiation.

Sensltlvity - 1 ppm optimum
Time for determination - 5 minutes to 1 hour
Unit of measurement - percent transmittance
converted to ppm or actual wefght.

-timwt%pw%’ %Rwca’
Sensitivity - 1 ppm
Time for determination - 5 minutes to 1 hour
Unit of measurement - Retentfon volume and
dlrect readout are dlfflcult.

‘a

i
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TABLE 7-2

OANGERPOINTS OF THE COMMON SOLVENTS

Flash ExpJosive Ltmfts
Solvent P%fnt

Ignftfon” Threshold

(.F) W’!Ll” (%W; &jnt
Lfmft

$;!e

Acetal
Acetaldehyde
Acetone
Ally~ alcohol
Amyl acetate
A@ alcohol
AmYl chloride

-5
-36

10.4
55.0
12.8
18.0

1.6
4.1

H
1.1
1.2
1.6

446
365
1000
713
750
700
650

1000
862
817

200
0

;!
100
55

1000

20:

25

8.6

7.1Benzene
Benzylacetate
8enzylalcohol .
Benzyl

1.4

cei10s01ve
8utyl acetate
Iso-butylacetate
8utyl alcohol
Iso-butylalcohol
Sec-butylalcohol
Butyl benzene
Butyl butyrate
8utyl carbftol
8utyl cellosolve
Butyl cellosolve
acetate

Butyl chlorfde
Butyl lactate
Butyl propfonate

Carbftol
Carbftolacetate
Carbon dfsulfide
Carbon tetrachloride
Cel10s01ve

265
72
64

665
7907.6

11.2

1.7

1.4

200

100
●r;84

82
75
160
128

650
800
777
7745.8 0.8

172
141

442
47210.6 _l.1 50

180
20
160
90

10.1 1.8 612
720
800

201
225

-22 44.0
none
14.0

“1.2

1.8

212 20
25none

104 406 200
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TABLE 7-2 (CON’T)

Flash Exploslve Limits Ignition Threshold
Solvent Point Upper Lower Point

~F)
Limit

(%’v:v.~ u V.v.) (9F Value

Cellosolvi+acetate
Chlombenzene
Chloroform
Cresol
Cyclohexane
Cyclohexanol
Cyclohexanone
Cyclohexene

Diacetonealcohol
Dichlom~epzene
Dichlomdifluommethane
Oichlomet.bane
Methylene.chloride
(dichloro@hane)

Oiethylbenzene
Oiethylcarbonate
Diethyl.ce$losolve
Dimethyl,sulfate
Dioxane
Dipetene
Diphenyl
Oipmpylene .gylcol

Ethylacetate.
Ethylalcohol
Ethyl benzene
Ethyl bromide
Ethyl chloride

124
85

none
178
1

154
147

-21

148
151
none
56

none
1;;

1:;

1%
235
244

24
55
59

none
-58

s 7.1

8.0”

9.2

16.0

66.0

22.0

11.3
15.4

1.1

2.2

6.2

15.5

2.0

2.5
4.3

::;
3.8

715
1100
none
1100
514

847

1118
1198
none
775

1224
806

406

356

498

800
793
870
952
966

, 100
75

40:
100
100
400

50

10:
100

100

100

400
1000
200
200
1000
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TABLE 7-2 (CON‘T)

flash Explosive Limits
Solvent

Ig;rlrl Threshold
Point Upper Lower Limit
,c?fl .C%’viv.) (,%”V.V;)

..
,L9F)

(rJ!e

Ethyl cyclohexane
Ethylenechlorohydrln 140’
Ethylenedichloride
Ethyleneglycol 2:
Ethyl formste -4
Ethyl lactate 115

Gasol1ne -45
Glycerin 320

6.6-
15.9
16.0

0.9
4.9
6.2

::$
1.5

●504,
797
775
’775
1071
752

536
739

5

“13.5 100

7.6 1.4 500

Heptane 25
Iso-heptane
Heptene 2:
Hexane -15
Hexyl“acetate 113

6.7
6.0

7.’5

.1.2
1.0

1.2

452 500

500 500

Isophos!one 205

N&iityl oxide f;
Methyl acetate
Nethyl alcohol
Nethyl cellosolve 1%
Methyl ce~losolveacetate 132
Nethyl:cyclohexane
Methyl cyclohexanone 1%
Methyl.fomate 2
Nethylheptane

B64 25

652
850
876
551

16.’0
36.0
19.8
8.2

3.1
7.3
2.5
1.7
1.2 —

340
100
10020.0 5.9

Naptha
Nitmbenzene 19:
NItrobd.thae
Nltmmethane 95

Paraldehyde 63

5.9 1,1
1.8

475
9009

7B5

460

500
1

100

1.3

,,, .,,

,-
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TABLE 7-2 (CON’T)

flash Explosive Litnfts
Solvent

Ignttion Threshold
Point Upper Lower. Point Limit
eFl (%:V;Y:} U“V.V.L L“n Value

(.ppm)
1.

Pentane
Perchloroethylene
Prupylacetate
Propylalcohol
Iso-PropYlalcohol
Propylbenzene
Propylchloride
Iso-proPYlether
Propylenedichloride
Pyrldfne

-40
none

%

::
0

-81
60
68

7.8 1.5 588 1000
200

842
700
750

1!:!
12.0

2.0
2.1
2.0

200

●

400

11.1
21.0
14.5
12.4

2.6

:::
1.8

830
1035

500
75
10900

Stoddardsolvent 6.0 1.1 450 500100

Tetrachlomethane
Toluene
Trlchloroethylene
Triethylene glycol
Turpentine

20:
200

40
none
350
95

6.7

9.2

1.4 1026
770
700
464

0.9
0.8 100

Vinylacetate
Vinyl chloride

White spirft

~lene

18
0

13.4
22.0

2.6
4.0

800
500

80

6.0 1.0 900 20063

9?
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TABLE 7-3

I Effect of solution composftion on corrosion of Type 304 and mf1d steel exposed to
unfnhlbited Trichlomethylene.

RANGE CORROSION RATE, mi1s/yr

PH Water, ppm Solution Vapor Condensate :
1.

Type 304 Steel

0.5-7.0 <1oo <1 <1 <1 ~

3.0-7.0 >200 <1 <1 2

0.5-2.9 >200 1 1 >160

TYW 1008 Steel

0.5-7.5 ‘“” 4100 41 <1 <1

0.5-2.9, >200 1 1 >1000
,’:)

TABLE 7-4

Corrosfon of Type 304 Steel exposed to boi1fng Methyl ene Chlorfde and
T,1,2 Tt=ichlomethane.

(200 to 600 ppn soluble water)
-..

1,1,2 Methylene
‘Trfchloroethane Chlorfde

(mi1s/yr) (Mfls/yr)

pH3t07
Solutfdn
Vapor

<1 <1

Conden5a~e ; ::;

100 ●
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TABLE 7-4

(CON’T)

PH 3

Solutlon 1 1
Vapor 41 <1
Condensate ~ 1000 -150

,.

TABLE 7-5

Cwroslon of materials exposed to degraded Trichloroethylene

Solution range pH 0.5-2.5
Soluble water 100-200 pom

1s/yr
Materfal Solution Vapor Condensate

1008 Steel 1 1
304 Annealed .<1 <1
304 Sensitized ;;
Hastelloy C <!
Hastell.oyB <1
Nfckel 200 :
Nonel 400 <1

Tantalum

>1000
>100
51000
40-90

>:00
>100
3

k

TABLE 7-6

Condensate corrosion of Type 304 steel exposed ta degraded Trlchloroethylene.

(5CC H90 added to 1500cc solvent)

pH Range Mtl~~yr Condenser Mfls/yr

3.5-7 1 2

2-3 50 150

1-1.9 250 600

1 400 >1000

101
:.
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TABLE 7-7

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

Corrosion Rates Form of
Soluble H20 (ppm) PH (mils/yr) attack

100 >3 40.1 none
200-600 3-5 0.1
200-600 1-3

Pitting
General

1400 2-3 :0 General

. .

I
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TABLE 7-8

STRESS-CORROSIONCRACKINGOF TITANIUMIN METHANOLAND OIHERSOLUTIONS

Number Time to
Specimen of
Origin

Failure
Sc.ecfmens Notched Load,ksf Test F7ufd Mfn Remarks

Vfrgfn
Vlsqf n

Virgin
Vfrgin

I Virgfn
Vfrgtn

Vfrgln
“Virgin
Vf~fn

Vfrgin

SC
SC

Sc

1
z

4
5’

4
2

1

:

1

:
4
1

5

:
10
2

;
3
3

2

No
No

Tes
Yes

Yes
Yes

Yes
Yes
Yes

NC
No

R

No
No
No
No

It
?&
Yes

Yes

140
140

120
120

120
120

130
140
140

140

90
100
120
120

140
90
100
120
120
130
140
120
120

120

Methanol 300
Itethanol 63

Methanol 31
.Ethylene 3183
glycol/H20

K:#:$w W“

Methanol 20
Methanol 19
Ethylene 3532
glycol/H20

Isoproyl
1’

3042
alcoho

Methanol 28
WXlsanol 33
Methanol 12
H20/sodfum 2830

chromate

Methanol 7
Methanol
Methanol
Methanol
Afr
Methanol
Methanol
Methanol
Aerozfne-60

OfstflledH20 2565

Aged addftfonal
4 houfi@1000 F
fn alr before
testfng

No failures

No fal1ures
Aged 30 Min (I1000
F beforstesting

No failures

No fai1ures

No fai1ures

Specimensloadedfor
~ weekswfth no
faflure

No faflures

Note:Severalspecfmens were exposedto methanolfor extendedperiodsat st,ksslevels
below100 ksf withoutfai1me. Oue to the hygmscopfc natureof the methanol,there
were varfousanmuntsof waterdf1utedwfth the methanoland this undoubtedlyfnfluenced
the time ti failure. Theseresultshave not beetlfncluded fn the chart.

SC-Spacecraft. 103
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MIL - HDBK - 406
31 October 1971 TABLE 7-11

RESULTS OBTAINEO WITH UNALLOYEO
(A55) U-BEND SPECIMENS

Environment

OMSO + 1% Licl
OMSO + 3% LiCl
OMSO + 10% LiCl
DMSO + 0.43%HC1 + 0.73% H O
DMSO + 73.23% CH30H + 0.5q% HC1 + 94% H20
OMSO + 41.44% CH OH + 0.48% }IC1+ 0.84% H O

i
OMSO + 15.13% CH 0}1+ 0.45%HC1 + 0.78% H26
OMSO + 0.76$ CH3 H + 0.43% HC1 + 0.73% H20

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

RESULTS 08TAINE0 WITH ELI
Ti-5Al-2.5Sn ALLOY U-BENO SPECIMENS

Envirormsent

I
CH OH reagent grade 99.9 mol% pure)
CH30H reagent‘grade,dried with CaO powder)
CH30H (reagentgrade, redisti1led)
CH~OH hapor - dry air mixture

RESULTS OBTAINEO WITH 81NARY Ti-Al ALLOY
U-8EN0 SPECIMENS

Environment Alloy

CH30H + O.59% HC1 + 1.01% H20 Ti

CH30H + O.35% Br2

CH30H + 1.25% 12

CH30H + 0.12% 12

Ti-2%Al
Ti-5%Al
Ti-7.5%Al

Ti
Ti-2%Al
Ti-5%A1
Ti-7.5%A1

Ti
Ti-2%Al
Ti-5%Al
Ti-7.5%Al

Ti
Ti-2%Al
Ti-5%A1
Ti-7.5%Al

● ‘
Time to failure

1::
I::
22 hours
1 day
;8Fdeys
. .

Time to failure

8 days
4 days
2 days
l“day

Time to failure

F.a

a
!“days
2 hours

3 days
3 days
2 hours
30 min.
a

‘“aF.
30 min.
20 min.

2 weeks
2 weeks
2 hours
2 hours ●

NOTE: (a) Failed by intergranularcorrosun after 1 month exoosure.
106
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TABLE 7112
MIL - HDBK - 406
31 October1971
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‘ ●

●

I

RESULTSOBTAINEOWITH UNALLOYEO
(A55)U-BENDSPECIMENS

Environment

CH OH (reagentgrade)

I
H26 distilled

IH O dfstilled + 0.59% HC1
C?301itO.5 % HCl + 1.01%H O

!CH30H+ O. 9% HC1”+ 1.14%~ O

I
CH30H‘+0.59% HC1 + 1.45%H O
CH30H + 0.45%.H SO + 0.001 H20
CH30H + 0.55% Hil $0. 94% H20
CH30H+ 1.10% HC1 + 1.88%H20
CH30H+ 1.65% HC1 + 2.28% H20

NOTE: N.F. = No faflureafter six months.of exposure.

RESULTSOBTAINEOWITH ELI
Ti-5Al-2.5SnALLOY U-BENDSPECIMEN

Environment

0.59% HC1 + 1.01% H2)
0.35% 8r a
3.5% BR i
0.012% ?2a

~:;;~%l~a;l
0.75% HF + 0.75% H20
O.129% NaBr
0.188% Nal
0.053%NaF

Time to fal1ure

N.F.

[:;:
2 hours
6 days
N.F.
7 days
1 hour
2 days
N.F.

Time to failure

1 day
30 min.
5 hours
2 days
5 hours

1.?’?2 months)
2 days

~ j$ksb

NOTE: N.F. = No failure
(a) Bromineand iodineadded as purlfied 1iquidand soltd respectively.

(b) Surfacecrackfngonly.
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MIL - HDBK - 406
31 October 1971 ●“

TABLE 7-15
CHEMICAL RESISTANCE OF PLASTICS A METALS

Ratlng: A - No Effect - Excellent

B - Minor Effect - Good

C - Moderate.Effect - Fair

D - Severe Effect - Not Racomnended

PJas:sf: 1- Epoxy 6 - Stainless 304

2 - Polypropylene 7 - “Titaniurn

3 -’PVC 8- Buns N

4 - ~lon 9 - Viton

5- Stainless 316

Media 123456789

Acetaldehyde
Acetimtde

AA DA AA ADA
A: --- AB -CA

Acetate.solvent AD- AA8-”D -
Acetic Acid, G1acial -A DA ABBDD
Acetic Acid
~geAtihydride

AA A.DA BBCC
A- DA AA BC””C
AA DA AA ADD

Acetylene AD- AA A-AA
AlcoholS

ABA AA A-AA’

Bwy’
AA- AA A-DA
ABA AA A-AA

D tacetone AD- AA A-AA
Ethyl AAAAAAAAA
,Siexyl --AAA-AA
Isobutyl :-- AA A-CA
1s0 ropyl

+

AA-AAA-CA
Mel AAAAAABAA
o Cty A --AAA-AA
Propyl AAAAAA-AA

Alw.Inum Chloride 20%
Aluminum Flouride

AAAACDBAA
AAAAC-AA-

Alum AAA-A--AA
All~um.;Sulfate A.AAACCAAA

Amonia, /tnhydrous
A-CAAABBD

Astsnonie.1.iquids
AAAAABBBD
AAA-AA-BA

,.,

,,

●
‘.,
,}

“I1O
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MIL - HDBK - 406
31 October 1971

TABLE 7-15

Media
(CON’T)

123456789

Ammonia, Nitrate
Amnonium Chloride ::ii::i;i
Ammonium Hydroxide
Amnonium Nitrate

AA AA AAABB

Anmmium Sulfate
AAAAAAAAB

F@y Acetate
AAAAB8AAA
ADDAAA-DD

Ammati c Iiydrocarbons A-D-A--DA
Arsenic Acid A-AAA- -AA
Barium Chloride
8arium Cyanide
Bariup ~dmxide.
Barium Nitrate
Benzaldehyde
Benzene’
Benzoic Acid
9enzol
JIMcncid

Butadiene
Butane
8utyl Acetate
Calcium’Carbonate’
Calcium Chloride

AAAAAAA;A
---- --
AAA~~-;:A
A
A;iiCA~ -DC
ADDAAAADA
AOADAAA--
AA-AA--DA
AAAACCAAA
DDCDDDADA
A-A-AA-AA
ADDAAA-BA
ADD: C--DD
AAAAA-AA-
AAAAAAAAA

Calciurn~droxi de AAAAAAABA
Calcium Nypochlorite
Calcium Sulfate

AAADCDAB-

Carbon .Dioxide
A-AAAA-8A
AAAAAAAAA

Carbon Disulfide DDDAAA-DA
Carbon Monoxide A-AAAA-AA
Carbon Tetrachloride ADDABDADA
Chlorinej Anhydrous Liquid
Chlorobenzene

CDDDDDBCA

Chloroform).
ADD-AA-DC

Chromic Acid 5%
ADDAAAADA
BAADAAADA

Chromtc Acid 50%
Copper.Chloride

CADDBBADA

Coppet.fMnt de
AAAADDAAA

Coppen:Ilitrate
AAAAA--AA
A-AAAAA.AA

~~~efl;~te ‘S%‘O1utiOn
AAADAAAAA
AD-

Diethylamine
-A-ABA

Diethylene G1ycol
A- D-A--BA
A- -AA--A-

Diphenyl.,Oxide
Ethane

-A ---A
;~~-A- -AA

111
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●’
TABLE 7-15

Media
(CON’ T)

Ethanolandne
Ether
Ethyl Acetate
Ethyl Chloride
Ethyl Sulfate
Ethylene Chlorlde
Ethylene DIchloride
Ethylene G1ycol
Ethylene Oxide
Ferric Chlorlde
Ferrtc Nitrate
fluboric Acid
~UOSi~tC Acid
Formaldehyde
FonllicAcid.
Freon 11
Freon 12 wet
Freon 22
Freon 113
Freon TF.(trichlorotrifluoroethane)
Heptane
Hexane
:Hydrazihg.
Hydi%chlorie Acid 20%

11
Hydrochloric Acid 37% .
Hydrofluoric Acid 20%
mdmgen Peroxide
~dmwn Sulfide Aqueous’Solution
Isopropyl Acetate
Isopropyl Ether
Jg~~l. (FP3, JP 48 JP5)

Lead Acetah
.Magnesiuu Carbonate
Magnesium Chloride
MagriesiumHydroxide
MagnesfunvNitrate
Megnesium:Oxide
Magne~iun~Sulfate
Methyl Rcetate
Methyl ~IYl ate
Methyl /icetone’
Methyl Butyl Ketone
Methyl Cellosol ve

129456799

A ---- AA-AA
AD OC AA-00
AD OA A--DO
AD OAAA-BA
A -- :o --R-

;:;i:::::
AOAA AA-AA
A-DA-A-DO
AA AOODA AA
AA A-AA-AA
A- A- CO OB -
A-A-A--A-
AA A- AA B.CA
-A DDBCCCB
A- DA C--CC
AA DA D--CB
A- OAC--OO
A -cc
A~~;~.~ -AA
AO A-A--AA
AD D- AA-.AA
A ----A A--A
AC AODD CBA
AC AD ODC AA
AA DDODDCA
CA AACC BAA
AA AA CB ABA
A ----- .-

:-
i:iii:IBA
CA DA AA-DO
AA A- BB AA-
AA A----A-
AA AA BBA AA
AA AA AA AA A-
AA A-AA-A-
A
Aiiiwh
-.=. A --00
A ----- . DD
c ---- - D-

-?--0s0
:=----A’-

.,,.
.2,
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TABLE 7-15
(CON’T)

Media 123456789

Methyl
Methvl

Chloride
Dichloride

A= DA AA-CA
A ----- .- A

Mefil Ethyl Ketone
Met~l Isobutyl Ketone
Methyl Isopropyl Ketone
Methyl Methacrylate
Methylene Chlorlde
NItrlc Acid 5-10% solutlon
Nitrfc Acid 20%,solution
Nitric Acid 50% solution
Ntlrlc Actd, Concentrated Solution
Pentane
~e::~oroethylene

.Phosphorlc.Acid to 40% solutlon
Pho~phorlc’Acid 40-100% solutfon
Potasslun:ghlorate
PotessliiiIIChloride
Potassium Oichrcihate
Potassium Nitra~
Propane
Propylene.61yc&l
Silicone;
$~dium Chloride
Sodium Nifrate
Stoddard Solvent
Styrene

II
Sulfuric:Acid to 10%
Sulfuric:Acid 10-75%
Tetrachloroethane
Toluene
Trichlornethane
Trichloroethylene
Turpentine
Water, disti11ed
Water; Fresh
Water, Salt
Xylene
Zinc Chloride
Zinc Sulfate.

Condensed from United States P1astics Corp.

CA DA AA-DA
CD OAA--DD
--AA--DO ,

;------OD
AD D- AA-OA
AAAAAAADA
BAAAAAADA
ODAABBADA
DDDADDADD
A -CC-AA
Aii~-A- -DA
CAADAABDA
AAADABBCA
AAACBCCCA
AAADAA-AA
AAAAAAAAA
CAA-AAA-A
A-A-AA-AA
ADDAAA-A-
A-- -AB-AA
AA-AAB-AA
AAAAAAAAA
AAAAAAAC-
ADAAA-A-BA
A- --AA-DB
AAADCDACA
CDADDDDDA
AA --A-ADA
ADDAAA-DA
A
A;;~;~;;t
ADAAAA-AA
AAAAAA-AA
AAAAAA-AA
AAAAAA-AA
ADDAAA-DA
AA’AABBACA
AAAABBAAA

113 ..’
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TABLE 7-16
CORROSION RESISTANCE OF VARIOUS METALS

Rating: E - Excellent
G=- “

[:

Mptals: 1 -
2-

6-
7-
8-

uooa
Fair
NO Good

Brass and Naval Bronze
Sf1Icone Bronze
Monel
Stalnless types 410, 416,”and 430
Stainless types 302, 303, 304, atid305
Stainless type 316
Copper
Aluminum

Metal
Media 12345678

Acetate Solvents, Crude
Acetate Solvents, Pure

FGGGEFGF

Acetic Acid, Crude
EEEEEEEE

Acetic Acid; Pure
FGGNGEGG

Acetic, Anhydride
FGGNGEGE

Acetone
NG’GNGEGE

Acetylene
EEEEEEEE

Alcohols
NGEEENE

GEEEEEEG
Ansnonl.m”Chlorjde.
Anmoni~ Hyd~xi de

FGEFFEGN

Ansnonim. Nitrate
NNFEEENG

Benzerie
NFFEEEFF

Benzine
EEEEEEEE
EEEEEEEE

Butane
Carbon Dioxide dryHCarbon Diaxide wet
Carbon Tetrachloriole

[1
Chlorine dry
Chlorine’ wet
Etie~:: “, “

IEthylene G1ycol
Ferric Chloride
Fom.al~.jyde
Faml c“Acld
Freon : ... .. ,,
~drochlaric “Acid
HydroflLIOnic,Acid
~droger$ ....
Hydrogene~eroxide
Hyd.r6genSulfide

EEEEEEEE
EEEEEEEE
FGGEEEGE
EEEEEEEG
GGEGGGGN
NFFNNFFN
EEEE.EEEE
GEEEEEEG
NNNNNNNN
GGEEEEGG
FGGNGEGN
EEEEEEEG
NFFNNNFN
NFENNNFN
EEEEEEEE
NFGEEEFG
FNFGEENE ●

“114
,<
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TABLE 7-16

Media
(CON’T) Metal ‘

12345678

16

,.

1.

MagnesiurnChlorlde
Magnes1urnNydroxfde
Magnesium Sulfate
Mercuric Chloride
Mercury
Nickel Chloride
Nitric Acid
Oleic Acid
OxalIc Acid
Oxygen
iPhosphoricAcid 25%
Phosphoric Acid 50-80%
Potasslum Chloride
Potasslum Nydroxide
Potassium Sulfate

FGEFGEGN
‘GEEEEEEF
GEEEEEEG
NNNNNFNN
NNGEEENN
NFGNFGFN
NNNGGGNF
FGEGGEGE
FGEFGEGN
EE.EEEEEE
NGGNFEGN
NGGNN,GGE
FGEFGEGN
NFEEEEFN
GEEEEEEE

Propane
Scdium ~droxi de

EEEEEEEE
,. NFEEEEFN

Sudium Hypochlorite NFFNFGFN
Sodium Nitrate FGEEEEGE

~.0::)$ ‘emxide
FGEEEEGF
FFFEEEFF

II
Sulfur ploxlde dry FE,EE”EEEG
Sulfur.~~gx?de wet NGNNGEGF.
SulfurlcAcid 10% NGGNNGGN
Sulfurtc &ld 10-75% .NFGNNNFN
Sulfurlc:Acjd 75-95%
Sulfurous.&cid

NFFFFGFN

Toluene
NGNNFGGN
EEEEE-EEE

Trfchlo~ethylene E~EEEEEE
Turpenti’@ FEEGEEEE
Water, mesh,.
Hater, Salt.

FGEEEEGE

~lene
FGEFGGGG
EEEEEEEE

Zinc ChTo@e
“” 21n.cSulfate

NGENNGGN
FG.EFGEGG

. .
. . .. .

Condensed;from Harper, H.M. Co., Carro:ion Guide, Tech, Bul., No. 101.
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TABLE 7-17
TITANIUM CORROSION RESISTANCE

These medla cause a corrosion rate of less than 5 Ml1s per year when In contact
with titanium.

Solutions are not aerated unless othemlse speclfied.

Corrodent Cone. by Wt. % Temp.°F .

Acetic Acid
}\cetic Anhydride
Aluminum Chloride
Alumlnum Chloride
Aluminum Sulfate 25 g/1

(+H2S04, 25g/1)
Ansnonia, Anhydrous, 200psi
AnsnonlurnChlortde
kmoni um Hydroxide
PnsnoniumSulfate
Ani1ine Hydrochloricde
Aqua Re ia (1HM03-3 HCL)

i!!Barium hlorlde
Etimine Vapor
Calcium Bisulfite
Calcium Chloride
calclum Chloride
Calcium Hyprochlorite
Carbon Tetrachlorlde (1%H20)
Chlorine Saturated Water
6hloroacetlc Acld
Chloroacetic Acid
Chromic Acid
Chmmi c Acid
cltrjc Acid, Aerated
Cupric Chloride
Cupric Chloride
Dichlomacetic Acid ‘ “
Ethyl Alcohol
Ethylene Dichloride ~
Ferric Chloriole
Ferric Chloride ~~
Formaldehyde
Formic Acid, Aerated
Formic Acid. Nonaerated

5, 25, 50, 75, 99.5
99
5, 10
25

100
1, 10 (Saturated)
28
3.2
5, 20

5, 20

5, 10, 25, 28
70
2, 6

Boi1ing
Room
212
140

160
104
212
Room
105
212
140
212
86
80
212
Boiling
212
B&llng

30
100

175
Boiling

10 B&ling
36.5
:0,2;5, 50 212

212
46, 55 Boiling
100 Boi1ing
95 Boiling
100 Bot1ing
1,30 212

- 10, 50 Boiling
37 Boiling
10, 25, 50; 90
10 Boiling

@
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TABLE 7-17 (CON’T)

Corrodent Cone. by wt. % Temp°F

“HydrochloricAcid 1 160
Hydrochloric Acid Boillng
Hydrochloric Acid :, 5 Room
Hydrochlorlc Acid (200 mgCu++/1) 37 Room
~drochlorl c/Nltric Acid Mixture Room
Hydrochloric/Nitric Acid Mixture ;:; Room
t(ydrochloric/Nitric Acid Mixture Room
H~drochloric/Nitric Acid Mixture ::; Room
H;drochloric/Nitric Acid Mixture 7:1 Room
~drochloriciNitric Acid Mixture 20:1
Hydrogen Peroxide 3, 6, 30
Hydrogen Sulfide (Saturated H20) ,025 so 85
Lactic Acid, Aerated
Lactic Acid, Nonaerated 10:25; 50: 85, 10C
Magnesium Chloride 5, 20, 40
Magnesium Dichloride 5, 20
Mercuric Chloride ~urated
Nickel Chloride
Nitric Acid 10, 29, 30,40, 50, 60
Nitric Acid, Red Fuming*
Nitric Acid, White Fuming
Oxalic ‘Acid,Aerated :!5, 5, 10
Phosphoric Acid 5, 10, 20, 30
Potassium Chloride 36
Potassium Hydroxide 10
Sea Water, Kure 8each
Sebastic Acid (Crude 1 Oibastic Acid )
Se~nJo~~r$~dtJOO/l !+f12S04,2002~/j

.
Sodium Chloride $turated
Sodium Hydroxide
Sodium I(ydroxide
Sodium Hypochlorite ;:5
Sodium WY cchlorite (5.6% C12)

!Sodium SIIfide
Stannic Chloride E
Stearic Acid 100
Sulfur, Molten 100
Sulfur, Water suspended
Sulfur Dioxide, Water Saturated

Room
Room
70
212
*iling
8oiling
;~:”

212
212
Room
Room
95
95
8oi1ing
Boiling
Ambient
465
75
8oiling
Boi1ing
Boiling
Room
212
Room
8oi1ing
212
355
465
Room
Room

““117

—-

Downloaded from http://www.everyspec.com



MIL - HDBK - 406
31 October 1971

TABLE 7-17 (CONIT)

Corrodent Cone.by wt. % Tenp 0F

Sulfurlc Acid 95
Sulfuric Acid (o.05% CUS04) :5.0 212
Sulfuric/Nitric Acid Mixture 10:90 95

I
Sulfuric/Nitric Acid Mixture 30:70 95
Sulfuric/Nitric Acid Mixture 50:50 95

I Sulfuric/Nitric Acid Mixture 60:40 95

●

Sulfurouk Acid 6 Room
Tannic Acid 25 212
Tartaric Acid 10, 25, 30 212
Water, Distilled, at 1235 psi” 572
Zinc Chloride 5, 10, 20’ Boi1ing

*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 titanium or its al10YS are reconm!endedfor use in specific
applications in contact with red fuming nitric acid. This is particularly
important if the water content of the FNA is belti 2 percent by weight.

● “,,
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---------- ----------- --
IJJKKUSIUNKtSl>TANLk UF

STEEL TYPES 430302

Key 1. Satisfactory for use in media indicated
2. S1ight to moderate attack; deserving of
3. Corrosive attack generally too high for

MIL - tUJ8K- 406
31 October 1971

STAINLESS
i%316

consideration for some uses
consideration

Corrodent Cone. % Temp. OF 430 302 316

Acetic Acid
Aerated

Acetic Anhydride

Acetone
Acetylene
Ethyl Alcohol

(Ethanol)
Methyl Alcohol

(Methanol

Alum (Potassium
Aluminum Sulfat?

5J0

80
80
90
90

%

2 and 10

Alumlnum Acetate

Z and 10
Sat
Sat

Aluminum Chloride 10-and 25 .
Alum (chrome) 5
Aluminum Hydroxide
Alutiiinum
Aluminum Sulfate 10 and Saturated
Anvnonia

Ammonium 8tcarbonate
A’nnonium Carbonate

honium Chloriole

a~ aon$
anhydmus

gas

1 and 5
still

Aerated

Ag~;ted

20

119

180
180
70

Boiling
70

Boi1
180
180
Boil
70

70-8oi’

1;;

70._

ng

ng

ing

8oi1ing
70-212
70

;:

1431ten
70-212
70-212
70
to 600
70 and hot

70

70

;:

1

2
2
3
2
3

i
1

1

1
1

2

“1

3
3
1
1
1

1

Downloaded from http://www.everyspec.com



MIL - HDBK - 406
31 October 1971

TABLE 7-18 (CON‘T)

Corrodent Cone. % Temp. OF 430 302 316

Anmmhiuh Nitrate Al1
Agit;ted

5
1 and 5
Agitated
and

Aerated
10

Saturated

3, cone
Crude

Anhydrous
Anhydrous

5 or Sat
Aqueous
Solution
Aqueous
Solution

Saturated

5

5
Saturated

5

1

1

1

1
1

1
“hnmmnium Oxalate
I@noniti Persulfate
Annonium Sulfate

1
2

70
68

80~~~:g

and
8oi1ing

3
Ansnonium Sulfite

2 1

Aniline
1
3

: -
1

Ani1ine tlydrochlortde
Amyl Acetate
AI@ Chlorlde
A~enic Acid

2
1
1

Arsenious Acid
‘8arium Carbonate
Barlum Chloride

2
170

1 1Hot
6arium Nitrate

Hot
70
70
70

1
:! 1

1. 1

1 1

Barium Sulfate
Barium Sulfide
Beer

70
79
Hot

Benzene
I Benzoic Acid 1

1“

1

; .,

Borax
8ordeaux Mixture
Boric Acid Hot

Boiling
Bmmlne and
Bromine Hater

Butyric Aci,d
Butyl”Acetate

3
1
1

3
1
1

120
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TABLE 7-18 (CON’T) 3i-October 1971

Corrodent Cone. % Temp. ‘F q~o 302. 316

Mercury ‘
Methyl Chloride
Nitrlc Acid

l.”

NitroiisAcid
Oleic Acid

Phenol

Phosphoric Acid

Dry
Dry
5-50

70

Fuming
Cone.
F:$

5,”

+ 10% H20
Crude
Crude
c~nyyl ,

Agitated or
Aerated

●!3’W3“’rate ..
$oditi Chlorate 10A~~d25
Sodium Chloride
Sodium Nitrate
Sodigm Peroxide

1“ SUlfur Dixoide Wet Gas
DrY Gas

Sulfuric Acid

B#ing
70

Boiling

70

70.
70 and Bolling

70
Fus:d

5;:
-5

Bo~ing
10

Bo~;ing
50

1
1
1

1

1

1

1

3

;
1

i
1,.

1

Condensed from; ARNCO Stainless Steels
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1.

C!IRROSIONRESISTANCEOF TVPES 316, 304 &.430
STAINLESS 5TEELS IN VARIOIJSNEDIA

Substance
Staln$4s Type

Condition Temp. oF 316 430

Borax 5% Hot

Bromine
Butyric

&l c1m
Calcium

BoraclcAcid 5% Cold and Hot
Boric Acid Saturated Boiling

Nater 70
Acid 5% 70

5% 150
Carbonate
Chloride

70

Oilute ’70
Cone. Solutions 70

CalciurnCtilorohypochlorite
(BleachingPowder) ?0

:; 70
calcium Nypochlorite 2% 70

Cilciwm:Sulphat-e
Calclum Chlorate

Calcium Wdroxide

Aqueous Solutlon
sp. G. 1..04 100
Saturated 70
Oilute “Solutlon
01lute Solution

102
20%
50%

Cadhium
Carboltc Acid (Phenol C.P. + 10% H20

C.P.
Carbon B1’sul,fide
Carbon tJI@oxide Gas

Carbon Tetrachlorlde
Carbon Tetrachlor4de C.P.

Consneiclal
PIus 1% water

Consnercialplus 1%
HCL

CarbonicAcid Al1 concentrations
tiustlc.Wa (SW um”Nydroxlde)
Cellulnen
Ch

. -------
lloraceticAcid

Chlorine GaS LMY
Met

122

70
Hot
Boiltng
BOliing
Boiling
Molten
ti”;:ing

1:!0
1;:0

Boiling

“Boiling

Boiling
Cold and Hot

70
70,
70
212

1
1

2
3
1

1

1
1

1

2

1
1
1
5
1

1
1

2
2

3

;

3
1

;
1
1

:
1
1
1
1

;
1

...

...
1

i

“;
5

1

1
1
5
1

i
1

. . . . .

. . . . .
3

3
1

. . . . .

. . . . .

. . . . .

. . . . .

. . . . .

. . . . .

!
1

1

‘i
. . .

. . .
1

1

:
5
5

●
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TABLE 7-19 (CON’T)

Substance Condition TemP. OF 316 304 430— —.

ChlorinatedHater Saturated
Chlorobenzene(PhenylChloride)

C.P.

Chlorofom
ChlorosulphonlcAcid
Chromic Acid

Dilute
5% COP.
10% f2,P.
10% C.P.
50% C.P.
50% C.’P.

70

70
Boiling
70

;:
70

Boiling
70

Boiling

70

2

1

;
5
1
2
2.
2

. . .

.“

●
123

1
Commercial“50%

(Cont.SO )
Conmserclal5d%

(Cont.S03) mJ~in9
Chromlum P1ating Bath :
Cupper Acetate SaturatedSolution 70 1

3“

1
1,
1
5

.;.

,:.
3

1

4
1
1

4

1

. . .
4

. . .

. . .

. . .

4
...
1
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I
31 October 1971

THE CORROSIONRESISTANCEOF 430, 302 & 316 STEEL
Stainless

CorrosiveMedia Concentration% Temp..?F 430 302 316

@lcfq Carbonate
Celclum Chlorate
Calcfum Hydroxide
.CalciuqHypochlorite
Calcium Sulfate
CarbonatedBeverages
Carbon Bisulfide

~
carbon Monoxide Gas
Carbon Tetrachloride

Carbonic Acid
ChloraceticAcid
Chlombenzene
Chloric Acid
Chlorine

Chloroform
Chromic Acid

Citric Acid

Copper Acetate
Copper Carbonate

Copper Chloride

Copper Cyanide
Copper Nitrate

Copper Sulfata
Cyanogen Gas

I
Dinitrochlombenzene

Epsom Salr,

oil. sol.
10, 20
10

Saturated

C.P.
Connnercial
n@ist at
High TemP.
Saturated

Cane. Pure

Ory Gas
Moist Gas
Dry Gas

55~n: ;0

50 C:P:
5 ;gill

sat. sol.
Sat. Sol.

in

15:;iEe
55~i ta$d

1:5 “
Agltated
50 :lpus

Melted and
Solidified

70
70 and Hot
B;~ling

70

.70
760 and 870
70+ Boi1

x
.70 ;

;:

2;:
70
70

B#i ng
70 and 150
70 and Boi1ing

70
70

Boiling

70
Hot
70-150
70

70
Hot and Cald

A
A

i
A
A
A
A
A

;

;
c
B
c

;

:

:
A
A

A
A
A
c

A
A
B

A
A

A
A
A

i
A
A
A
A

A
A
A
A

A
A

● ✛
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TABLE 7-20 (CfIN’T)
31 October 1971

CorrosiveMedia Concentration% Tenp. ‘F 430 302 316

Ether (Ethyl)
Ethyl Acetate
6thyl Chloride
Ethylene Chloride
EthyleneGlycol
Ferric Chloride
Ferric Nydmxide
Ferric Nitrate”
Ferric Sulfate
Ferrous Sulfate
Flourine
Formaldehyde
Fermic Acid

HydrobfomicAcid
HydrochloricAcid
HydFocyanicAcid
Hydrofluorlc Acid
HydrogenPeroxide
Hydrogen Sulfide

Iodine Solutlcns
14agneslum Carbonate
MagnesiumChloride

MagnesiumSulfate
Nagneslum Nydmxlde
$iagneslkm NItrate

Oljl

co%?
Al1 Cone.

Al1 Cone.
AlllJonc.

Dry
40
5
5

10-50
I;icl

100

Al1 @nc.

Ac;gtFree

nry

%
70
70
70

70 and Boi1ing
70
70
70

70:and Bol1ing
70

1::
70
70

Boiling
70

Boiling

1, 5 still
10-30 - l!

Saturated 70
Hot and Cold

125
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~
TABLE 7-21

I Corrosion Reststance of Type 316, 304 and 430 Steel

Key: I - Fully Resistant
II - Satisfactotily Resistant
III - Fairly Resistant
IV - Slightly Resistant
V -.Not Resistant

Substance I Condition Temp. ‘F. 316

Acetic Acid
5% agitated..............70
5% aerated...............70 i
5%.......................100 I
5%.......................180 I
10%.agitated.............7O..........................
10% aerated..............70 i,-
10%......................100 1
10%......................180 1
10%...................... Boiling 1
1o%......................60...........................I
15%......’................100 I
15%......................180 I
15%......................Boi1ing I
20% agitated.............70 1.
20% aerated..............7O..........................I
20% aerated..............180 I
33%......................70 I
33%......................100 I
33%.......................180
33%......................Boiling.....................~
40% aerated..............180 I
50%......................70 I
50%......................Boiling I
60%......................60
60%.......................lOO..........................
60%.......00.............180 1.
60%......................Boiling II
80%......................70 I
80%......................100
80%....o...o.............180J.........................
80%.......................Boiling ,11
90% aerated..............180 I
100%.....................70 I“
100%.....................100
100%.....................180.........................i
100%...,.Boiling.........Boiling II
100%.....................400-150 lb. preSSUre 111

304

I

i
I
I
I
I

LI
I
I
I
111
I
I
I

:
I
111
I
I
III
I
I
I
111
I
I

iv
III
I
I

;II
v

430

I
I

:1
IV
I
...
...
...
I

N
...
I
I
.i.
III
IV
...
...
...
HI
v
111
IV
...
,..
III
IV
...
...
....
I
I
111
...
...
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TABLE 7-21 (CON‘T)

,-

‘“0

.

1.

Substance Condltion Temp. ‘F. 316

Acetic Anhydride
90% anhydride............70 I
90% anhydride............l8O I
90% anhydride............Boiling I
90% anhydride aerated....180 III
60% anhydride aerated....180 II
30%anhydride aerated....180.........................II

Acetone.......................7O I
Boi1ing I

Acetyl Chloride...............Cold 11
Boiling.....................II

Acetylene.....................7O I

Alcohol, Ethyl................7O
Boiling :

Alcohol, Methyl...............70
150 ;1

Aluminum, Molten..............1400 v.

Aluminum Acetate Saturated....70
Saturated....Boi’

Aluminum Chloride

Ing.....................:
.-

10% Quiescent............7O III
25%”Quiescent............70 111

Aluminum

Aluminum

Fluoride.............70

IlydroxineSaturated..70

111

I

Alum #m Sulphate
.......................150 I

10%......................70 I
10%......................8oiling.....................I
Saturated................7O I
Saturated................Boiling.....................I

Aluminum Chromiurn
Sulphate 5%..............70 1
Sp. 6. l.6...............Boiling........................

127

304

I
I
I
Iv
11
Iv

I
I

11
II

I

I
I

h

v

Iv
Iv

Iv

I

I
I
I
I
II

430

I
11
III
...
...
...

11
...

...

...

I

:

:11

v

:..
...

Iv
Iv

IV

I

I
II
111
IV
v

...

...

Downloaded from http://www.everyspec.com



.- -- —

MIL - HOBK -406
31 October 1971

TABLE 7-21 (CON’T)

1 Corrosion Resistance of Type 316, 304 and 430 Steel (CON”T)

Substance Condition Temp. oF. 316

Alumi#n Potassium Sulphate (Alum)
........................70 “I

10%.......................70 I
10%..,............’........Boiling
Saturated.................Boiling....................lI

Anmonia (Dry or Moist)
Al1 Concentrations........70-212 I

Amnonia (Anhydrous)............800 Up v

Amonium Hydroxide..............70 - I

Ammonium Bicarbonate...........7O
Hot........................i

AnsnoniumBromide
5%........”.................70 I

AnsnoniumCarbonate
1% Quiescent..............7O
5% Ouiescent..l...........7O
1%.Aerated................7O
5% Aerated................70
1% Agitated...............70
5% Agitated...............70.........(ALL)...........I

304

:
11
III

I

v

I

I
I

I

I

1,

●“
430

11
III
IV

I

v

I

. . .

. . .

. . .

●)

I

I

I
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7.4 ACETONE.

7.4.1 PHYSICAL PROPERTIES.

Fonnula
Molecular Weight
Pounds Per GalIon at 68°F
8oi1ing Range (°F)
Freezing Point (oF)
Evaporation Rate (Carbon Tetrachloride
Coefficient of Expansion per ‘F
Surface Tension at 68°F (dyne~/an)

= 100)

CH3COCH3
58.08
6.58

132- 134
-138.6
139
0.0008
23.7

Volubility, % by Weight at 680F
In water Infinite
Of water Infinite

flash Point (oF) o
flansnabilityLimits, % by Volme in Air

Lower
Upper 1$::

Threshold Limit Value 1000
.EOsecificHeat of the Liquid at 68°F, 8TU/(lb)(oF) 0.51
Latent Heat at 8oi1ing Point 8TU/lb 224

7.4.2 SPECIFICATIONS.
Federal. O-A-51F Acetone, Technical

7.4.3. GENERAL INFORM4TXON. Acetone is a volatile, highly flamnable liquid.
It is miscible with water, alcohol and chlorinated solvents and is a %trong
solvent for fata, oils, waxes, resins and rubber. Its rapid attack on rubber
and resin materials and its extreme flammability, limit its large scale use.

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

Acetone is an effective solvent for vinyl resins, natural and synthetic
laquers, varnishes,,fats, waxes, oils, grease, crude rubber, shellac, asphalt
and bitumens.

Acetone is not corrosive to metals except when age or reelamation has
resulted in acid formation. It is not suited for the removal of partiCU1ate
matter and is incompatible with many non metallt~. It will fo~ explosive
mixtures with air. And, it is only suitable for cold cleaning applications.

7.4.4 SOLU81LIlY OATA. Acetone posses the following volubility character-
istics tmard solvents:

301vent
-cohol - ‘“’ventme Glycol Mono-

Miscibility

Adiponitrile !4iscible
2-h’nino-2-Methyl-1-

ethyl ether acetate Miscible
Formamide MisciblePrwDano? Miscib?e Glycerol Itnniscible

129
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●
MIS~ITY SLILVtNT MIS~

XiijlTTcohol Iii m
Benzaldehyde Ml;~ibl~ Hexadecyl Alcohol Mi;gibl~
Benzene Miscible Hexane Miscible
Benzine Miscible Hexyl Alcohol Miscible
Benzonitrlle Miscible Hexyl Ether Miscible
Benzyle Ether Miscible Isoa~l Alcohol Miscible
n-Butyl Ether Miscible Isoaqyl Sulfide Miscible
Butyl Ether Miscible Isobutyl Alcohol Miscible
Carbon Dtsulfide Miscible kOOC.tyl Alcohol Mlscfble
Carbon Tetrachloride Miscible Isopropyl Acetate Miscible
Chloroform Miscible Isopropyl Alcohol Miscible
Cyclohexanone Miscible Isopropyl Ether Miscible
Decyl Alcohol Miscible M@hyl Acetate Miscible
Diacetone Alcohol Miscible Methyl Alcohol Miscible
Diethylene Glycol Miscible Methyl Ethyl Ketone Mlsclble
Diisobutyl Ketone Miscible Methyl”Isobutyl Ketone Miscible
Olmethyl Aniline Miscible Naptha Miscible
Ethyl Acetate Miscible Nitromethane Miscible
Ethyl Alcohol Miscible Octane Miscible
Ethyl Anyl Ketone Miscible Sec-Butyl Acetate Miscible
Ethyl Benzoate Miscible Sec-Butyl Alcohol Mlsclble
Ethyl Ether Miscible Toluene Miscible
Ethylene Oiacetate Miscible Water Miscible
Ethylene Glycol Miscible Xylene Miscfble @

Acetone possessesthe following solubi11ty character stlcs toward rubbe= and
polymers:

AL SOL~ITY
Natural ffubber Insoluble -Fne
Isoprene-Isobutylene

1ghtly Sol.
Polyfsobutylene Insoluble

Rubber Insoluble Butadiene-Meth
Styrene-Butadlne Insoluble acrylate S1ightly sol.
Acrylonitrlle-Butadiene Soluble Butyl Latex Insoluble
POIYSU1flde Rubbers Insoluble \

Acetone passsssesthe followlng solubi1ity toward synthetic resins:

?iT’@, non Drylng
Alkyd, Maleic.Modified Soluble Polyethylene ~~ycol Soluble
Al@d, Malefc-Rosin
Modified

Polypropylene Insoluble
Soluble Polystyrene Part Soluble

Benzyl Cellulose Part Soluble Polyurethane Soluble
Butadiene-Styrene,
Modified.

Polyvinyl Acetate Soluble
Soluble Polyvinyl Butyral “Swellfnq

●
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ResIn
~ose Acetate _ %Inyl Chlorlde -
Ce71u?ose Acetate Polyvinyl Formal Slightjy Sol.
Butyrate (Low Butyral) Soluble Pg~~d:i diene
Cel1U1ose Acetate Part Soluble
Butyrate (High Butyral) Soluble Urea-Formaldehyde Soluble
Cel1ulose Acetate Vinyl Chloride-Vinyl
Propionate (Low Propjb$yl) Selubiie Acetate Copolymer Soluble
Cel1U1ose Acetate VInyl Chloride-Vinyl
Propionate (High Propionyl) Soluble Acetate Capolymer,
Cel1ulose Triacetate Insoluble Maleic Modified Soluble
Chlorinated Diphenyl Soluble
Coumarone

Vinyl Chloride-Vinyl
Soluble

E!Joxy
Acetate Capolymer, vinyl

Soluble Alcohol Modified Soluble
Ethyl Cel1U1ose Soluble Vin 1 Chloride-Vinylidiene
Methylmethacrylate Soluble iCh orioleCopolymer Soluble
Nitrocellulose Soluble
Phenolic

Vinylidiene Chloride-
Soluble Acrylonitrile Corsolymer Soluble

Acetone possessesthe foldowing solubility for Gums, Waxes and Natural Resini:

hatetial=
~s P= e
Asphalt Part Sol. Elemi
Beeswax

Soluble “
Part Sol. Kauri

Camauba Wax Part Sol.
Part Sol.

Mani1a Soluble
Ceresin Wax Insoluble Mastic Part Sol.
Colophony Soluble Paraffin Wax Insoluble,
Congo - Part Sol. Rosin Soluble

I Coumarone Soluble Shel1ac Part Sol.

7.4.5 MATERIALS COMPATIBILITY. Acetone has the following effects on
materials of construction:

Fiaterial Eff t E
-Fene

Material
&ves

ffect
_ Rubber m

Polyvinyl Chloride OiSSO1ves Si1icone Rubber Extracts
Polyethylene None P1asticizer
Bakelite (Phenolic) Dissolves Polyvinyl Formal None
Teflon TFE None Bondar None
Glyptal 1201 DiSSO1ves Glyptal 1202 DiSSO1ves
GE 9740 Oissolves Marting Ink Ranoved
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7.5 BENZENE ●

.7.5.1 PHYSICAL PROPERTIES
Fonnula CCH<
Molecular ;Weight
Pounds Per Gallon at 680F
8olllng Range (oF)
Fpezing Point (OF)
Evaporation Rata (Carbon Tetrachloride = 100)
Coefficient of Expansion Per ‘F
Surface Tension at 68°F (dynes/cm)
Volubility % “by Weight at 68°F

In Water
Of Water

Flash Point (oF)
Flensnable“Limits% by Volume in Air

Lower
Upper

Threshold Limit Value
Specific Heat of the Liquid at 590F 8TU/(lb)(oF)
Latent Heat of the Liquid at the Boiling Point
Kauri-Butanol Value in cc

75.71
7.32”

172-176
41.9
95
0.00069
28.9

0.09
0.06
12

:::
25
0.42

170
105-150

7.5.2 SPECI:/#~~NS.
VV-B-231 Benzene, Technfcal

ASTM D-847-47 Acfdtty of 8enzene, Toluene, Xylenes,
Solvent Napthas and Similar Industrial
Aromatfc Hydrocarbons

7.,5,.3GENERAL INFORMATION. Benzene fa a clear, colorless, volati1e and
highly flatnnableliquid. Flansnabtlttyand toxicity limlt its usefulness.
It is also known as 8enzol, Phenyl Hydride and Coal Naptha.

Benzene is an effective solvent fonnethyl, ethyl, butyl and benzyl
cellulose ethers, cel1ulose esters [eel1ulose dinapthenate, dilaurate, etc.)
fats, waxes, gums and rubbers. ~ is virtually non corrosive toward metals,
when in pure form. It fs not, however, always c

Benzene can only be used fn cold cleanfng a p tcations because of its “
Ttib’e ‘ith ‘on ‘ta’’icsextreme flansnability, “andreelamation of the so vent is hazardous.

7.6 CARBON kTRACHLORIOE

.7.$.1“ PHYSICAL PROPERTIES.

I

Fonnula
Molecular Weight 1::$
Pound: Per Gallon at 680F
BQiling Range 1711172
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-9,3
100

Freezing Point (°F)
Evaporation Rate (Carbon Tetrachloride = 100)
Coeffic1ent of ExpansJon Per ‘F 0.00069
Surface Tension at 68 F (dynes/cm) 26,8
Volubility % by Weight at 68 oF

,InWater 0.08
nf water 0.01------- .

flash Point (?F) None
Specific Heat of the Liquid at 680F B .
Latent Heat of the Liquid at the Boi1ing Point BTU/lb
Keuri-Butanol Value 1:!

lTU/(lb)(°F) 0.21

7.6:2 SPECLl#j’CONS’
O-C-141a Carbon Tetrachloride

7;6.3 GENERAL INFORMATION. Carbon Tetrachloride is a dense, water-white
nonflensnableand non-explosfve 1fquid having good solvent powe~ for most
organic compounds. It Is also known as Tetrachloromethane.

Carbon Tetrachloi+de is an effective solvent for mineral and essential
oi1s, fats, greases, waxes, gums, camphor, metal1ic resinates, bitumens,
asphalt, unvulcanized rubber, some cellulose ethers, coumarone, damnar.
ester gum, elemi, guarac, mastfc, rosin, sandarac and alkyd and vinyl resins.

CN%OII.TetWch~ori’de.WI11-readilY dec~poses fo~f n9 phosgenes chlorine
and hydrochloric acid and”iy extremely toxic, even mild concentrations can
raptdly induce unconscfousness and death. It is suitable for cold cleaning
applications only

7.6.4 DECOMPOSITION. At elevated temperature, in contact with variousmetals,
carbon tetrachloride wI11 readt~ydecompose into toxic gases:

Oecomposi~on of Carbon Tetrachloride
In Milligrems of Phosgene Per Gram of Solvent

Tempg~ture

295-..
300
395
405

Cast Iron
W-itil;

Copper Zinc

0.48 0.020
7.10

8.87

AIIMIinun -
0.048

4s0
460 5.29 0.37 0.075
470 36.4
S40 133.0
635 275.0 5.60
670

540

0.34
56 6(Oecompe:Jt~n tol~$gen C:l~Jide)

. . . .

Brass Steel

0.70
0.50

1.68

5.43 5.72

0.83 8.52
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I 7.6.5 MATERIALS COMPATIBILITY. Carbon Tetrachloride has the following
effects on some cormnonmaterials of construction:

lTTlkRIAL E lFECT MATERIAL
_ene roves

EiFECT
Polyvinyl Formal T Effect

Polyvinyl Chloride None Bondar
Polyethylene S1ight Swel1 Glyptal 1201: Slight Effect
Bakelite (Phenolic) None Glyptal 1202
Teflon TFE

Slight Effect
None GE 9740 (Baked) Slight Effect

Neprene Rubber Swel1 Marking Ink
Silicone

Part Removed
Swel1 —-

7.7 CHLOROFORM

7..7.1 PHYSICAL PROPERTIES

● ‘

For-mla
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)
Volubility % by weight at 68°F

In Water
Of Water

Flash Point (°F)
Flannability Limits % by Volume”in Air
Thrdshold Limit Value
Specific Heat of the”Liquid at 68°F BTU/(lb)(°F)
Latent Heat of the Liquid at the Boiling Point (BTU/lb)
Kauri Butanol Value

CHCL
119.39
12.43
142
-82.3
118
0.00071
27.2

0.82
0.07

None
Nonflansnable

iy23
106
208

7.7.2 SPECIFICATIONS

FEOERAL O-C291 Chloroform, Technical
MILITARY MIL-C-10655 Chloraform

7.7.3 GENERAL INFORMATION Chloroform is a heavy; colorless, volatile
liquid. While a powerful solvent for oils, greases, tars and other organics,
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 oi1s, waxes,
alkaloids, resins and tars. In combination with ethyl alcohol or et~l
acetate, the mixture becomes a solvent for many cellulose esters and ethers.
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Chloroform WI11 decompose to phosgene and hydrochloricc acid with age.
Dermatitis, burns, and cracking of the skin will result from the strong
decreasing action of chloroform on the skin. Chloroform is toxic in low
concentrations, inducing fatigue and headaches, at high exposun levels,
anesthesia is rapid. Long term exposure wi11 cause damage to the internal
organs, and continued exposure can be fatal.

Chlomfonn can be used in cold cleaning applications provided adequate
venti1ation is employed. It is generally non cormsi ve to metals but ex-
posure to light and air or moisture will cause it to become acid rapially,

7.a ETHYL ALCOHOL

7.8.1 PHYSICAL PROPERTIES.

●

I

Fonmula - Anhydmus
95%

C2H50H
C2H50H:H20

Molecular Weight 46.07
Pounds Per Gallon at 69°F - A#dmus 6.59

6.76
Boiling Range (“F) - Anydmus 171-176

161-175
Freezing Point (“F) - A#dmus -174.1

-19a.4
Evaporation Rate (Carbon Tetrachloride =.100) 37
Coefficient of Expansion per ‘F - An~ydrous 0.00063

0.00062
Surface Tension at 68°F (dynes/cm) - A#drous 22.3

22a
Solubi1ity % by Weight - In Water Infinite

Of Water In[~i te
Flash Point (°F)
Flammable Limits % by Volume in Air - Lower

Upper 1;::
Threshold Limit Value 1000
Specific Heat of the Liquid at 68°F ~T~U/~;~)

0.58 at 778F
95% 0.63 at 73°F

Latent Heat at the Boi1ing Point LITU/1b 361

7:8.2 SPECIFICATIONS
FEOERAL O-E-760 Ethyl Alcohol (Ethanol), Denatured

Alcohol and PmDrietary Solvent
7.8:3 GENERAL INFORI%4TION. ConsnonlYavailable as deaatured ;lcohol, it
1s very flamnable. Also known as Et~anol, Grain Alcohol and Alcohol.

Ethyl Alcohol is an effective solvent for oi,ls ~~s, natural resins,
ethyl cel1ulose, polyvinyl acetate and polyvfnyl bu$yral.

Although.the TLV is 1000 pPm,long exposure can result i.nirritation
to the respiratory tract. Ethanol is suited for CO1d cleaning applications
only.
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7.8.4 M4TERIALS COMPATIBILITY. Ethyl Alcohol has the fol10wIng effects on
comnon materials of construction:

Material Effect Material Effect
-nne F ~ Rubber None
Polyvinyl Chloride fi~ra~ts Polyvinyl Formal None

PIasticizer 8ondar None
Polyethylene None Glyptal 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.

Fonnula CH2CLCH2CL
Malecular Height 98.97
Boiling Point at 760mm Hg, “C 83.5
Freezing Point ‘C -35.3
Density at 20°C - gin/ml 1.253

lblgal 10.46
Vapor Density (air = 1.00) 3.42
Flash Point (°F) - Open Cup 65

Closed Cup 55
Explosive Limits % Volume in Air. - Lower - “6-2

Upper 15.9
Evaporation Rate ( Carbon Tetrachloride = 100 )“ 79
Coefficient of Expansion per. .*F 0.00065
Surface Tension at 68°F (dynes/cm 32.2
Solubi1ity by Weight % at 68°F - In Water 0.90

Of Water 0.15
Threshold Limit Vel,ue 50
Specific Heat of the Liquid at 68°F BTU/(lb)(eF) 0.31
Latent Heat of the Liquid at the Boi1ing Point 139

7,.9.2 SPECIFICATIONS
MILITARY MIL-E-10662b E~lene Chloride (Et~lene

Dichloride, Dichloroethane)

7,.9.3 GENERAL INFOFU#lTIL)N.Et~l ene chloride iS an effective solVent for
fats, oi1s, waxes, sane alkaloids, CemP!or. rubber, 1aquerss vafious resins
and guns, cellulose esters and ethers and oi1 extraction. It is generallY
non corrusive at normal temperatures, at elevated temperature, in contact
with water, it wi11 corrode iron and other metals. Aluninum and its al10YS
cannot be used with ethylene chloride.

I
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Ethylene chloride ts toxic by
mucus membranes or by oral tntake.
plosive mixtures with alr.

7;?6 ISOPROPYL ALCOHOL

7.10.1 PHYSICAL PROPERTIES
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fnhalati.on,contact with the skin or
It is flansnableand will form ex-

Fonnula (CH CHOH
Molecular weight 60.&
Pounds Per GalIon at 68PF 6.55
Boiling Range (°F) 171-181
Freezing Point (“F) -126.0
Evaporation Rate (Carbon Tetrachloride ❑ 100) 34
Coefficient of Expansion Per “F 0.00062
Surface Tension at 68°F (dyneS/CM) 21.7
Solubflity % by Weight at 68°F - # ~a; Inflnfte

Ingrd te
Flash Point (’F)
Flamnable Ltmits % by Volume fm Sir - Lower 2.5

Upper 5.2
Threshold Limit Value 400
Specific Heat of the Liquid at 68°F BTU/(lb)(“F) 0.60
Latent Heat .of the Liquid at the Boi1ing Point BTU/lb 287 .

7:JO:2 SF=IFICATIONS-
FEDERAL l-r-I-735 hOprOpYl Alcohol
ASTM D-1722-68 Water Misclbi11ty of Acetone, Iso-

propyl Alcohol and Methyl Alcohol

7~10.3 GENERAL INFORK4TION. Isopropyl Alcohol is an effective solvent for
oi1s, alkalolds, gums, shel1acs, rosins, mastic, waxes and some synthetlc
resins. It is also known as Isopropanol, 2-Propanol, and Secondary.
prOpyl Alcohol.

Isopropylalcohol possessesonly fair compatibi1ity with materials of
construction and has a 1fmited ability to dissolve inorganlc soi1s and remove
particulate. It is also highly flarmnable.

Internal consumption of iso ro yl alcohol is unsafe, but contact with
skin Is not dangerous. f!Isopropy a cohol is suitable for cold cleaning
applications only and reclamation..is hazardous.

7i10:4 MATERIALS COMPATIBILITY. Isopropyl alcohol has the following effects
on some materials of constwctioi:
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Mate@ial Effect
~nne

Material
m

Effect “
~ Rubber Fi6iiZ-

Polyvinyl Chloride Extracts Polyvinyl Formal None
P1asticizer Bondar

Polyethylene
None

None Glyptal 1201 None
Bakelite (Phenolic) None :p@; 1202 None
Teflon TFE None None
Neoprene Rubber None Marking Ink Varies

7:11. METHYL ALCOHOL

7.11.1 PHYSICAL PROPERTIES.

Fosmula CH30H
Molecular Weight 32.04
Pounds Per GalIon at 68°F 6.61
Boi1ing Range (“F) 147-151
Evaporation Rate ‘(CarbonTetrachloride = 100)
Freezing Point (“F) -1:!.0
Coefficient of Expansion Per “F 0.00066
Surface Tension at 68°F (dynes/cm) 22.6
Volubility % by Weight at 68°F - In Water Infinite

Of Water Infinite
Flash Point (°F) 54
Flamnable Limiti % volume inAir - Lower

Upper 3:::
Threshold Limit Value 200
Specific Heat of the Liquid at 68°F BTU/(lb)(°F) 0.60
Latent Heat af the liquid at the Boiling Point BTU/lb 473

7.11.2 SPECIFICATIONS.
FEDERAL O-M-232
ASTM 0-1722-68

Methyl Alcohol
Water Miscibi1itv of Acetone. Iso-
propyl Alcohol afidMethyl Al~ohol.

7:.L1.3 GENERAL INFORMATION. A very flamnabl,eliquid, with good solvency
for plastics and inks. Toxictty and flamnabi1ity 1imit its usefulness.

Methyl alcohol ,isan effective solvent for dyes, alkaloids, shel1ac,
kauri, polyvinyl”;hutyrijl,ethyl cel1ulose, inks and waxes.

Methyl alcohol is extremely toxic, it can cause death and blindness
fmm intake. It is Irrita~ifigto the eyes, nose and throat. Regular
exposure can cause organic @mage, III timately sufficient to cause death.

It wi11 attack aluminum and lead when in an ahhydmus ~~te , and an
aqueous solution will attack steel and titanium. It is suited for cold
cleaning applications only.

.:

0’)
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Virgin
Virgin
Vlrgin
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Space Craft
SDace Craft

1 No
No
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2 Yes
1 Yes
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; No
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140 ‘ Methanol
140 Methanol
120 Methanol
120 Methanol
130 Methanol
140 Methanol

Methanol
1:: Methanol

300
69-aged 4 hours
31 L31OOOIn alr
:l-afigo:O min.
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33
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7.11.4 MATERIALS COMPATIBILITY. Methyl Alcohol has the following effects
on some comnon materials of construction.

Material Effect Materlal
-Fene ~

Effect
w Formal None

Polyvinyl Chloride None
Polyethylene None Glyptal 1201 None
tiakelite (PhenolIc) None Glyptal 1202 None
Teflon TFE None GE 9740 None
Neoprene Rubber None NarEtng Ink Varies
S111cone Rubber None

Methyl Alcohol has the following effect on stressed t~tanium samples.

Number Time to
Specimen of
Origin

Failure
Specimens Notched Load, ksi Test F1uid Minutes

Space Craft 4 No 120 Methanol 12
Space Craft 5 No 140 Methanol 7

NOTE: Several specimens were exposed to methanol for extended eriods at
stress levels below 100ksi without failure. LDue tb the groscopic
Nature of methanol, there were varfous amounts of water di1uted
with the methanol and this undoubtedly influenced the time to fai1ura.

7.12 METHYLENE CHLORIDE

7.12.1 PHYSICAL PROPERTIES.

Fonnula CH2CL2
Physlcal State
Odor

Colorless
Mild Sweet

Molecular Weight a4.93
Freezing Point “C -96.7
Boiling Point “C 39.8
Flash Point None
Fire Point None
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Vtscosity, centipoises at 20”C 0.425 ●
Refractlve hdex 1.4244
Surface Tension at 20”C (dynes/cm) 28.12
Spectfic Gravity at 25/25°C 1.320
Pounds Per Gal1on at 25°C 10.98
Vapor Pressure at 20”C (mn Hg

1
350.0

Evaporation Rate (Ether = 100 71
Dielectric Constant of the Liquid at 20°C 9.1

7.12.2 SPECIFICATIONS.
MILITARY MIL-D-6998a Methylene Chloride (Dichloromethane)

7.,12.3 TVPICAL COMMERCIAL SPECIFICATION.

Appearance Clear Liquid
Odor Mild Sweet
Residual Odor None
Color (RPHA 10 Max.
Acidlty Weight % as HC1 0.0005 max.
Free Halogens None
Speclflc Gravity at 25°C 1.;J90- li:2g
Boilfng Range at 760 m Hg “C
Water, Weight % 6.010 Mix.
Non olatile Matter, Weight %“ 0.001 Max.
Meets U.S. Mi1itary Spec rnIL-D-6998a

Z.12.4 GENERAL INFORMATION. Methylene chloride fs a colorless, heavy,
non flansnable,highly volatile liquid wfth a low boillng point, possessing
excellent solvent power. It is also known as DIchloromethane and Metnyl”
Dichloride.

Methylene chloride is a good solvent for fats, of1s, waxes, rubbers,
alkalofdsi bftureensand cel1ul”osetriacetate.

Methylene chloride is generally non corroslve toward metals at normal
tem eratures, wfth the exceptions of aluminum and titanium. In contact

Ewlt water at elevated temperatures, it wf11 attack imn, some stainless
steels, copper, nickel and other metals. It fs non flamnable and WI11 not
form explosive mixtures in air. At high ‘temperature,1t Wi11 decompose
Into toxic gases. -.

7:12.5 VOLUBILITY DATA. The following materlals are soluble to the degeee
indicated in methylene chlorlde.

Material
~restn esterified

Mfscfbfliiy 14aterial
~ [@OXy 925

1
w

WIth’glycerin]: +100

I

Genepoxy Epoxy 525 +100
Acrawax Q [resin esterlfled Genepoxy Epoxy]1800 +100
with.glycerln] -1 Hercolyn resin esterified

Acrylolil..B-82[acrylIc ester] +100 WIth glycerfn] +100

● ,
)
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Material
~2 CLinseed oil] “w
Amberol 801-XLT [Phenolicl +1OO
Amberol ST-137-X [Phenolic

Formaldehydel +100
Bakellte CKR-5254 [Phenolic] -20

1001 [PhenolIc
!

+100
enolic +100

Beckstlte 1
Beckstlte 1112 ~Ph
Bees Wax -
Calc1urnStearate
Candel11a Wax
Camauba Wax
Ceresin Wax
Cumar W-1 [Paracoumarone -

%jij%~o;~lat,
[]DER 331 EPOXY

DER 332 EPOXY
OER 667 EPO~
DIM Resin PS-3 Polystyrene
Epon 812 [Epo !

II

OER 334 EPO~
OER 661 EPOXY
DER 664 EflO~
Epon 836 [EPOXY]

[1
Epon 1004 Epoxy
Epon 1109 Epoxy
Genepoxy 175 [6 OXY]

IGenepoxy M-180 Epoxy]
Genepoxy 190 [EPOXY]

II

-5
-1
-1
-1
-1

+100
+100
+100
+100
+100
+100
+\oo
+100
+100
+100
+100
+100
+100
+100
+100
+100
+100
+100

Material
-x
Lanolin Anhydrous
Montan Wax -1
Nevindene RS [Coumarone

+100
O#~][Soy Bean Oi1] +100
Orabge Shel~ac -1
Paraffin 47-498C -15
Pdraffin 54-56°C -5
Parlon S-5 [Chlorinated
Rubber] +100

Parlon S-20 [Chlorinated
Rubberu +100

Parlon S-3OO [Chlorinated
Rubber] +60

Pecco 420 ES Indene Polymer] +100
Picolastic A-75 [pol styrene] +100

{Piccolyte S-85 [Poly erpene] +100
Picoopale 100 [Hydrocarbon] +100
Potassium Oleate -1
Polyvinyl Chloride -1
Resin 276-V9 [Polyalkyl

+100
Ro~:;~~;~] +100
Saran F-120 [Vinylidene
Chloride Acrylonitrile] -1

Saran F-220 [Vinylidene
Chloride Acrylonitrile] -1

Sodium 01eate -1
Stearic Acid -35
Hhite Petrolatum -20

NOTE: Solubi1ity was determined by $he incremental addition of solute to
100 gr~ of methylene chloride at room temperature. Solute was
added In the following increinents;1 gram, 5 9rm, 10 9ram @ so on
in 5 gram increments to a maximum of 100 grams. Thus, a notation of
-$ indicates that more than 1 but less than 5 grams of solute can
be diSSO1ved in 100 grams of methylene chloride. Similarly, a nOtatiOn
of -40 indicates that more than 35 and 1ess than 40 grams of solute
wI1l dissolve. Where 100 grams of solute dissolve, the result is
repor~d as +100. Res!n Solubilities were ob~i ned on uncured material

, suitable for use in paints, adhesives and coatings. .

7..!2,6 DECOMPOSITION. The detetm!inationof decomposition is.based on the
amount of free acid fotmed in the solution. The possible causes of decom-
position are examined separately.
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7.E.6. 1 EFFECT OF TEMPERATURE ON DECOMPOSITION. No decomposition occured
in sealed tubes heated for 24 hours M less than 120*C. “Above that temp-
erature, acid was formed:

Temperature “C @!!.llY._? by Weight Comnent

120 1.2CC of e.ol n+cl 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 Oecompos1tion

7.1.2.6.2 EFFECTS OF WATER ON DECOMPOSITION. The amount of water present has
a marked effect on the hydrochloric acid formed, measurements for fosmaldehyde
bul1d-up were also made. When eno,ughwater Ie added to saturate the solution
at room temperature, decoinposition wi11 occur at 100*C. At 120 and 140°C, the
decomposition is S1ightly greater. When there is an excessof wdter, ~dro-
lysis occurs at as low as 60”C.

l;’12,6.3 EEEECT OF OXYGEN ON DECOMPOSITION. Pure oxygen or oxjgen in the atr
had no effect on the decomposition of the methylene chloride below 140°C.

7.12.6.4 EFFECT OF METALS ON DECOMPOSITION. Ory methylene chloride or
methylene 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 e,ightdays.

7.12.6.5 EFFECT OF WATER AND MHALS ON”DECOMPOSITION. The combined influence
of both water and metals on decomposition is negligible up to 120”C, if there
is just enough water to saturate the methylene chloride. In the presence
of excess water and soft steel, decomposition is more pronounced than in the
presence of excess water alone. Decomposition orcurredonly at temperatures
above the bol1ing point of the solvent.

7:12.6.6 OECU4POSITION UNDER VARIED CONDITIONS.

Decompositlon on Heatlng for 24 Hours
Condition (in C;og; O.O:og;HCl Perc25 cfo:~cMeth~len~ Chly~~~~)

Methylene Chloride in

. t

Ni_trogen:

Dry 1.20 .-.
With Soft Steel : ; : : 0
.Saturatedwith water 1.30 0 0 6.55 4.65 ;;;

a
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Decompositlon on Heating for 24 hours
(in cc4;~C0.016~;~CLp~;O~5 c;o;$CMeth;;;~~Chl;;J~~)

Condition z
Rethylene loride in
Nitrogen:

With Soft Steel Sat-
urated With Water o 0 0
With Copper Saturated “””

0.40 0.35

with Water ... 0 0 0 0 0
With AluminumSat-
urated With Water ... 0 1.40 0.40 ... 0.45
With Lead Saturated
With Water ... 0 0.6 0.70
With Tin Saturated

0.45 0

With Water ... 0 0.4 0 0 2.45
With Brass Saturated
With Water ... 0 0
With Excess of Water ... 1.55 3.55 4;.40 28!$5 2;;;::
With Soft Steel and
Excess of Water ... 3.55 41.15 196.0 272.0 ...

MethyleneChlorideand
Soft Steel in Air ... ... 0.15 0.20 0.45 22.0

Methylene ChlorideWith 1.5% Water, Refluxed with soft Steel for 24 Hours
(Acidity; None)

7.12.7 WATERIALSCOMPATIBILITY

!!&hylenechloridehas the follcwlngeffect on some conmmn materialsof construction

Material
-ene
PolyvinylChloride
Polyethylene

Bakelite
Teflon TFE
Neoprene Rubber

Material
~ Rubber
P&&nyl Iarmel

Effect
m
Severe Crazing
Slight Effect

Lifted
Lifted
Lifted
Removed

I
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Corrosion of Metals in Methylene Chloriole
(In Mllllgrarnsper Square Centimeter)

Change i~o~ight onoliitinglfo~C24 Hours
condition 60°C 140”C
Methylene Chloride and
...Soft Steel in NItrogen
...Soft Steel Saturated
with water in Nitrogen
..iSoft Steel WIth an
Excess of Water in

, NItrogen
...Soft Steel in Alr
...Soft Steel In Oxygen
...Soft Steel, 1.5% water
Refluxed for 48 hours
...Soft Steel Saturated
with Water in Oxygen
...Soft Steel, 1.5% Water,
Refluxed for 8 DVS
...Copper Saturated with
Water 1n NItrogen
...A1uminun Saturated with
Water In Nitrogen
...Lead Saturated with
Water In NItrogen
...Brass Saturated WIth
Water 1n Nitrogen
...T1n Saturated with
Water in NItrogen

0.03,

0.

0 0 .0

0 0 +0.05

... .

+0.05

-0.1
0
0

-0.1

0

0

0

0

0

-0.67 -3.1 -1.4
0 0 0
0 0 0

(Very S1Ight)

-0.4 -1.57 -3.0

(Very Slight)

o 0 0

0 0 0

-0.2 0 -0.1

O.10(b] O(b) O(b)

o 0 0

(;).,3

o“

(a)

o

0

0

l,5(b)

2

HWOTE: a Heavy Coat of Iron Oxide
— b Copper Colored Surface

7.13 METHYL ETHYL KETONE

7.i3.1 PHYSICAL PROPERTIES.
,—
Formula CH3COC2H5
Molecular Weight 72.07
Boiling Range (*F) 174-177
Freezing Point (’F)
Crltlcal Temperature (“C)
Critical Pressure, atm 43.3
Specific Gravi~~m~OOC 0.8061
Densf+u +lA

“.7 -1-s 3#,~,.
at O°C

-87.3
260.0

0.8255
at 20°C 0.8054
at 25°C 0.8002

●

●’)
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Pounds.Per Gallon
Ib2fractlveindex n~~ ‘T’ ~ -: . !IV85
Vtscosfty, cps at 25°C 0.40
Dielectric Constant at 208C 18.4
Spectflc Heat of the Ltqutd at 20”C (g cal/g) 0.549
Heat of Vaporlzatton, BTU/1b 191
Heat of Combustlon, BTU/1b 14,540
F1ash Polnt, Tag Open Cup ●F 24
Explosive Limits, % by Volume in Alr “Lower

Upper J::
Coefficlent of Expanslon Per ●F O.GO076
Vapor Pressure, an Hg at 20”C 77.5
Solublllty, % by Uelght at 20”C In Water 26.3

Of Mater 12.6
Evaporation Rate (Carbon Tetrachlortde = 100)
Latent Heat of the Liquid at the Bolling Point BTU/lb 1:{

7.13.2 SPECIFICATIONS.
FEDERAL TT-M-261
ASTM 0-740

Methyl Ethyl Ketone, Technical
Standard SDecificatfons for Metlwl
Ethyl Ketone

7.13.3 GENERAL INFORMATION. Methyl ethyl ketone (MEK) fs a hfghly flanunable
liqufd possessinggood solvency for plastfcs and resfnous materials.

It fs an effectfve Solvent for natural and synthetfc VI.Y1 resl.s, laquers,
varnishes, fats, waxes, ot1s, greases, crude rubber, shellac, bftunens and
asphalts. It Is generally not corrosive toward metals such as fron, mfld
steel, copper and alunfnum and 1s suttable for cold cleanf~g applfcatlons onjy.

7.13.4 SOLUBILI’TVDATA. The followfng materfals are soluble fn methyl ethyl
ketone, to the degree Indicated.

Materfal
= me w w

Part Soluble Ethyl Cellulose
Beeswax Insoluble

Soluble
Methyl Methacrylate Soluble

Camauba Wax Insolubla Nftrocel1ulose
Ceresin Wex Insoluble

Soluble

Colophony
Phenolic

Soluble
Soluble

Congo
Polyethylane

~b~l uble
Insoluble

Coumarone
Polyetl@ene Glycol Soluble
Polypropylene Insoluble

Damnar Rart Soluble
Elemf

Polystyrene Soluble
pa{:b~?uble

Kauri
Polyurethane Soluble
Polyvlnyl Acetate solubl@

Mant1a Soluble
Mastic

Polyvtnyl Chloride S1fght Soluble
soluble Polyvtnyl Formal Slight Soluble

Paraffin Max Insoluble Polyvfnylfdena Chlorfda ~~~b~l uble
Rosin Soluble Urea-Fonnaldehyde
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Material
= m

Materlal Volubility
~ortde-Vinyl

Part Soluble Acetate Copolymer Soluble
Al~d, Non D~ing. Soluble VInyl?dene Chloride-
Alkyd, Malelc-Rosin Acrylonltrile Copolymer Soluble

Modified Soluble Natural Rubber Swelling.
Benzyl Cellulose Soluble Is~~~;-Isobutylene
Butadiene-Styr+me Modif. Soluble Swel1ing
Cel1ulose Acetate soluble Styrene-Butadiene Soluble
Cellulose Acetate CelluloseAcetate

Butyrate ‘ Soluble Propionate
Cel1U1ose Triacetate

Soluble
Insoluble Polysulfide Rubbers Insoluble

Chlorinated Oiphenyl Soluble
Coumarone

Acrylonitrlle-Butadiene Soluble
Soluble Chloroprene Soluble

Cownarone-Indene Soluble
Butyl Latex

Butadiene-Methacrylate W~h~eSol uble
Insoluble Mineral Oi1

The following Solvents are miscible with MEK to the extent indicated.

%i%%’3
Acetyl Acetone
A@ Alcohol
Benzaldehyde
Benzene -
Benzine
Benzonitrile
Benzyl Alcohol
Ben~l Ether
n-Butyl Acetate
n-Butyl Alcohol
htylene Glycol
Butyl Ether
Carbon DiSU1fide
Carbon Tetrachloride
Chloroform
Cyclohexane
tkcyl Alcohol
Dlacetone Alcohol
Diethylene G1ycol
Di1sobutyl Ketone
Dimethyl Ani1ine
Dlmet~l Formamide
Ethyl Acetate
Ethyl Almhol.
Et~l A@ Ketone

-
Mist
ITfR
Mist
Mist
Mist
Mist
Mist
Mist
Mist
Nlsc
Mist
MISS
Mist
Mlsc
Mist
Mist
Mlsc
Mist
Mist
Mist
Mist
uisc
Mist
MlSc
MiSC
Mist
Mlsc

p

e
e
e
,e
e
‘e
e
e
e
‘e
ie
e
‘e
~e
e

ble
ble
ble
ble
ble
ble
ble
ble
ble
ble

Solvent
~de
Furfuryl Alcohol
Glycerol.
Heptane
Hexadecyl Alcohol
Hexane
Hexyl Alcohol
Hevl Ether
Isoamyl Acetate
Isoanwl Alcohol
Isobutyl Alcohol
Isooctyl Alcohol
Isopropyl Acetate
kOp?W3pYl Alcohol
Isoprapyl Ether
Methvl Acetate

Miscible
Itmniscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Miscible

Met.@l Alcohol Miscible
Methyl AIW1 Alcohol Miscible
Methyl DiSU1fide Miscible
Methyl Isobutyl”Ketone Miscible
Methyl Isobutyl Carbinol Miscible
Naptha Miscible
Nltmmethane Miscible
Octane Miscible
Propylene Oxide Miscible
Pyridine Miscible

●“

●
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1.

Solvent
~lomacetate _ MvI Acetate -
Eth~l Ether Miscible Sec-But~l Alcohol
Ethylene Diacetate Mfscfble Tetrahydrufuran
Ethylene Glycol Mfsclble Toluene

‘~}fieE~~l Mono- Miscible
Trfdecyl Alcohol
Trlethylene Glycol

Ethylene Glycol Mono- Water
ethyl Ether Mfscfble %ylene

Mfscfble
Mlscfble
Miscfble
Miscible
Mfscible
Part Mfscible
Miscible

7.14 PERCHLOROETHYLENE

7.14.1 PHYSICAL PROPERTIES.

1,

I

1.

I
!.

Formula
Boiling POint (“F) 2::!6CCL2
Freezing Pofnt (“F) -8.2
!folecular Weight 165.85
Specffic Gravity 208C 1.626
Pounds Per Gallon at 68°F 13.57
Latent Heat of Vaporization at the Boi1ing Pf3intCal/gin 50.1

BTU/lb 90.2
Specific Heat of the Liquid at 68*F Cal/.gm/°Cor BTU/lb/”F ~.~~B
Vapor Density at the Boi1ing Point and 760 m gm/Liter

lb/cu.ft. 0:326
Vapor Specific Gravity (Air = 1.00) 5.83
Evaporation Rate (Carbon Tetrachloride = 100) 39
Vapor Pressure at 68°F rnnHg 14.2
Flamnabi1ity Nonflammable
Viscosfty of the Lfqufd at 68°F (centipoise) 0.88
Oielectric Constant of the Liqufd at 25°C 2.365
Solubilfty % by Weight at 68*F In Water 0.02

Of Water - 0.01
Coefficient of Expansion Per “F 0.00057

7.74.2 SPECIFICATIONS.
FEOERAL O-T-236b Tetrachloroethylene (Perchlomethylene
MILITARY MIL-P-12050 Perchlomethylene (Tetrachlomethylene1

7.14.3 TYPICAL COMMERCIAL ANMYSIS.

Wce
s#C~c;&;f

wree of
Suspended Matter

Color APHA
Suspended Matter

15 Maxfmum 8
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&%- RS%%’L*No I@s,dual
Spot Test No Spot of Stafn “-
Specific Gravlty 20”C 1.623-1.627
Non Volatl1e Residue Wt.% 0.0025 Maximum
free Ch70rine None
Moisture No Cloud at O“C
Disti11ation Range ‘C 120.0- 122.0
pH

-eristic, no Res
~6;~t or Staln

0:0004
None

+2
-5°c
0.8- 121.7

8.4

7.t4.4 GENERAL INFORMATION. A colorless, heavy, nonflammable liquid with
a chloroform like odor, also known as Tetrachloroethylene. Perchloroethylene
is an effective solvent for fats, oi1s, champhor, cel1ulose triacetate,gums
and resins.

Although .genemd ly considered to be of low toxicit
an anesthetic from inhalation.

~, it will act as
It is non flatmnablean non explosive. At

high temperature (above 1300aF) It wi11 decompose to toxic gases.
Perchloroethylene can be used in both vapor decreasing and CO1d appli-

cations. It can be reelaimed and purified.

7.~~.5 144TERIALSCOMPATIBILITY. Perchloroethylene has the fol1owing effects
on some typical materials of construction.

Material Effect Material
P-tine FEFfves on

Effect
~ Rubber p

Long Exposure Polyvinyl Formal
Polyvinyl Chloride None Bondar
Polyethylene

None
Slight Glyptal 1201 None

Bakelite (Phenolic) None Glyptal 1202
Teflon TFE

51ight
None GE 9740 Sliaht

Neoprene Rubber Swe;~cn Long Markfng Ink
...=....
Partly Removed

Perchloroethylene has the following effects on specific plastics~
.

Plastic
I%T@Jifluoroethy lene

70~:s~~near Polyethylene

9140 Polypropylene Resin
Acetal Resin$
Epoxy Resin
ABS Polymer
Polycarbonate Resin

Test 1 Test 2 Test 3 Test 4 Test 5

●✎
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Plastic Test 1 Test 2 Test 3 Test 4
h~hethacrylate

Test 5

Polyvlnyl Chlorlde
(Unplastlclzed) o 4 4

Polyvinyl Alcohol
475 Polystyrene i i i
A Ionomerfc Resin -
Polypropylene i i i .
Polyphenyl Oxide

.
6

Polysulfone ; 5 :
Normal Impact PVC .
101 Nylon i i il ~ --

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
~;l ~ -5 Minutes at the Solvent Bol1Ing Polnt

:
- - No Test Run
O - No Visible Effect
1 - S1ightly P1fable, No Significant Swel1
2- S1Ightly Swollen and P1fable or S11ghtly Shrunk and Softened
3- Stress Cracked and Brittle
4- Swollen, Curled and Rubbery
5- Partially Dissolved or Disintegrated
6 - Totally Dissolved or Msintegrated <

7.19 TOLUENE “.

1,

I

I

I

,.

7.1’5.1PHYSICAL PROPERTIES

Fonnula
Molecular Weight

C6H5(CH3)
92.13

Pounds Per Gallon at 68°F 7.20
Boiling Range (“F) 228-232
Freezing Point (“F) -139.0
Evaporation Rate (Carbon Tetrachloride = 100) 58
Coefficient of Expansion Per “F 0.00061
Surface Tension at 68-F (dynes/cm) 28.4
Solubility Z by Weight at 68*F In Water

Of Water
0.05
0.04

Flash Point (*F) 40
FlarnnableLimits % by Volume in Air Lower

Upper ;::
Threshold Limit Value 200
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I

-. . . ___ .— _ .___________ .__ . . _________ _________

Specific Heat of the Liquid at 68°F BTU/(lb)(“F)
——

156
Kaurl-8utanol Value 94- 105

—-.——

●

7.15.2 SPECIFICATIONS
FEDE~L lT-T-548 Toluene, Technical
ASTM o-847-47 Actdlty of 8enzene, Toluene, Xylenes,

Solvent Napthas and Simllar Industrial
Aromatic Hydrocarbons

D-362-65 Industrlal Grade Toluene

7.15.3 GENERAL INFORMATION. Toluene, also known as TolUO1, Methyl 8enzene
and Phenyl Methane, is an effective solvent for gums, restns, copals, coumarone
glyptal, sandarac, 011s, cel1ulose acetate, some cel1ulose ethers and chlorinated
rubber.

Toluene Is highly flansnableand is suited for CO1d cleaning applications
only. Vapor odors do not give warning of high concentrateons. It is not
corrasive to metals and can be stored in iron, miId steel copper and alum-
inun containers. Reelamation to toluene is hazardous. .

7.16 1,1,~-Ts.fchloroethane

~.lb;l PHYSICAL PROPERTIES.
———
Fonnula CH3CCL3
Molecular Weight 133:42 ● :
8oiling Point “C

11“F
74.1

[1

165.4
Freezing Point “C

●F
-31
-24

Dielectric Constant of the Liquid at 25°C
Evaporation Rate (Carbon Tetrachloride = 100) 10;
Flainnabi1ity
Flash Point

Nonflansnable
None

Ignition Temperature ●C
[1

546
‘F 1D15

Kauri-Butanol Value 130
Latent Heat of Vaporization at the 8oiling Point Cd% 58

95
Refractive Index - Liquid N 20 D 1.4374
Volubility (g/100 ml) at 25°C In Water 0.05

Of Water 0.07
Specific 6ravity at 25°0 1.319
Pounds Per Gal1on at 25°C 10.82
Specific Heat of the Liquid (Cal/gm/QC or 8TU/lb/°F 0.258
Specific Resistivity Ohms/cm 7.3 x 109
Surface Tension in Air (dynes/cm) at 25°C 28.1

I
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Threshold Limit Value 350
Vapor P,resfsureat ZO”C ~ Hg 101
Viscosity, Liqutd, Centipoise 0.735
Appearance Clear
Non Volatlle Restdue, Maximum 10 ppm

7.16.1.1 SPECIFIC PROPERTIES

viscosity, Centipoise Pensity
1 3565 gmfT

20” 0:858 15.56° 1:3302 Qm/11

Specific Gravity
7

57.56° 7:3374
I 40” 0.653 20° 1.3232 ~timl

60° 0.519 25” 1.3146 gin/ml
10.97 lbs/gal

I
Refractlve Index Kilocalories/Niole

20*C
9-

1:4374 50° 7:5
25” 1.4344 80- 7.1

Specific Heat Cal/gm/°C

?o~ 0:2::
40” 0.250
60° 0.270

Surface Tension dynesjcm Vapor Pressure mmH

26;26 40° 238
204 25.12 50” 344
304 28.98 60° 490

7.’16.2TYPICAL COMMERCIAL ANALYSIS.

The following is a purity analysis for the high purity grade of 1,1,l-Tri-
chloroethane:

PartlCU1ate Matter Trace Metal Content
Count Partlcles Metal Parts Per Million

Particle Size Per 100 ml Lead <0.01
over 100 Microns 1.5 Antimorw <0.02
50 to 100 Mlcrons Arsenic <0.02
25 to 50 Microns l::i Cadmtum
10 tn 25 Micsmns 56;6

<0.004
Mercury <0.05
Selenium dl.05
Barium <0.003

7.16.3 SPECIFI~I~)NS .
O-T-620 1,1,1-Trichloroethane,Technical
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MILITARY MIL-T-81533a 1,1,1-Trlchloruethane (Methyl Chloroform) ●
Technical, Inhibited, Vapor Degreasing

NASA MSFC-SPEC-471 Solvent, 1,1,1-Trichloroethane, High
Purity, Inhibited

7.1.6.4 GENEPAL INFORMATION. A dense, water white, nonflanrnableliquid with
good solvency. Also known as Methyl Chloroform and Alpha Trichlomethane.

It possessesexcel1ent solvency and is inhibited to prevent corrusive
attack on metals, it is harmful to some non metal1ics. May be repeatedly
recovered by disti1lation but must be monitored for inhibitor content. It
is suitable for al1 types of cleaning, both “hotand CO1d.

7.$6.5 VOLUBILITY DATA. Methyl Chloroform posesses the following volubility
characteristic= toward solvents.

Solvent
~ - wne w
8enzene Miscible Methvl Alcohol Miscible
Carbon Tetrachloride Miscible Mate; slightly
Ethyl Ether Miscible

T~foll.cwi ng resins are soluble in methyl chlorofo~ to the degree indicated.”

Resin S61ubility ‘Resin
-n Rosin Esterified =OXY M-180

Sol;:;lity

With Glycerin 100 Genepoxy 190 Epoxy 100
● ‘?

Acryloid 8-82 Acrylic Ester 80
Pmberol 801-XLT Phenolic 100

Hercolyn Rosin Esterlfied
Wfth Glycerin 100

Ambeml ST-137-X Phenol Methyl Methacrylate 100
Formaldehyde 100 Nevtndene R5 Counarone-

Araldite 502 Epoxy 100 Indene 100
Araldite 508 Epoxy 100 Orahge $hellac Insoluble
Araldite 6010 Epoxy 100 Paradene Resin #3 Para,
Araldite ‘0071Epoxy 1 counarone-Indene Too
AraTdite 7079 Epoxy 1 Picco 420 ES Polyindene 100
8akelite CKR-5254 Phenolic 100 PiCCO1astic A-75 Polystyrene 100
Beckacite 1001 Phenolic 100 Piccolyte S-85 Polyterpene 100
8eckacite 1112 Phenolic 100 Piccopale 100 Hydrocarbon 100
Cuma;e~~l Paracoumarone- pO~yViny~ Alcohol

100
Insoluble

Polyvinyl Chloride Insoluble ,,’
OEN 438 Epoxy Novolac 100
DER 331 Epoxy

Resfi!276-V9 Polyalkyl Styrene 100
100 Rosin Wood <1

DER 332 Epoxy 100 Saran F-120 Vinylidene
OER 334 Epoxy 100 Chloride-Acrylonitrfle <1 t

DER 661 Epoxy Saran F-??O Vinylidene
OER 664 EpOxy i
DER 667 Epoxy

Chlorlde Acrylonitrile C1
Vesfcol AE9 ETO Adducts <10

8ow Resin PS-3 Epoxy 10! Versamide 940 Polyamide cl
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Res1n
=81 2 EPOXY _ Wte AY~ Vfnyl Acetaw
Epon 836 Epoxy - Vinylite VYHH Vinyl
Epon 1004 Epoxy <1 ChlorioleAcetate <1
Epon 1009 Epoxy Zytel 31 Nylon Insoluble
Genepoxy.175 Epoxy 1:1 Zytel 101 Nylon Insoluble

The foblowing materials are soluble to the deg~e indicated in Methyl Chloroform.
., ,

Glycol
E gf~loolyethyl ene

Miscible

Miscible

Miscible

Miscible

Miscible

Miscible

Miscible

Miscible

Miscible

Miscible

Insoluble
Inso~~ble

Material
- ““ ““

-...,.,.

Wmrn
Insoluble

Ester Gum 100
Gutta Percha Natural Gum
Rubber Inso~ble

Kauri Gum
Ethylene Glycol Mono-
ethyl Ether Acetate Miscible

Ethylene Glycol
Methyl Ether Miscible

Eth:~~ Glycol n-butyl
Miscible

?mpylena Glycol
Methyl Ether

E 1000 Polyethylene
Glycol

E 1450 Polyethylene

E 60b0 Polyethylene
Glycol

E 9000 Polyethylene
Glycol

P 400 Polypropylene
Glycol

P 1200 Polypropylene
Glycol

P 2000 Polypmpyl ene
Glycol

P 4000 Polypropylene
Glycol

Cel1U1ose Acetate,
&.e@slq Slalu.blQ

Cal1ulose Triacetate
50cps Ethyl Cel1ulose

~C Amide Stearate -
materlaI

Calcium Stearate 4
01eic Acid Miscible
Potassium Oleate <1
Sodium Oleate
Stearic Acid ;:
Crepe Rubber (1
Neoprene rubber Insoluble
Paradene Resfn #3 Para-
coumarone-Indene 100

Picco 420 ES Polyindene 100
Piccolastic A-74
Pol styrene

f
100

Picco yte S-85 Polyterpene 100
Piccopale 100 Hydrocarbon 100
Polyvinyl Alcohol Insoluble
Polyvi~l Chloride Insoluble
Resin 276-V9 Polyalkyl
Styrene l~f

Rosin Wood
Alinto Z2 Linseed Oi1 100 +
Lanolin Anhydmus 100
Lard Oi1 Miscible
Linseed Oi1 Raw Miscible
Linseed Oi1 Boi1ed Miscible
Mineral Oi1 Miscible
Motir Oil Miscible
OKO S-70 Soybean Oi1 100
Petrolatum White Wax ~:
8ees Wax
Candeli11a Wax 41
Carnauba Max <1
Ceresin Uax c1
Japan Wax 41
Motan Wax 41
Ozokerite White Insoluble

0,
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Material
-thyl Cellulose v m47-499c

Solu:;lity

400cps Methyl Cellulose Insoluble Parafffn 54-56eC 20
690cps Met~l Cel1ulose Insoluble ParIon S-5 Chlorinated
4000cps Met~l Cel1ulose Insoluble
Dow Corning R5061
S11icone- ‘ 100

Dow Corning R-5581
Slllcone 100

Sealing Asphalt Electrtcal <5

Rubber 40
Parlon S-20 Chlorinated
Rubber 40

Pa~~be;-300 Chlorinated
40

Sulphur Precipltated Insoluble

Manufacturers:,
Hercules Powder ~mpany
Rohm & tlassCompany
CIBA Corporatirm
Union Carbide Corporation
Reichlod Chemicals Incorporated
Al1ied Chemical Corporation
the Oow Chemical Company
Shel1 Chemical .Corporation

General Mi11s Incorporated
Neville Chemical Company
Pannsylvania Industrial Chemical Corp.
Velsfcol Chemical Corporation
E.I. DuPont de Nemours and Company
Archer-Daniels-Midland Compa~
Glyco Chemicals, Incorporated
Dow Coming Corporation

.7.16.6 MATERIALS COMPATIBILITY

7.16.6.1 EFFECTS ON PIASTICS.

Material Effect .Material
S ron Polystyrene
Y

-es -ss , Acry
Po yethylene S1ight Swel1 Nitrocel1ulose
Po1 yid nyl Alcohol None Saran
Polyvinyl Chloride — None Mylar Polyester
Polytetrafluoroethylene None Bakelite (Phenol
Neoprene Rubber Swel1s on Buns Rubber

Effeet
ic Nmble

None
None
None

c) None
Swel1s on

NOTE:
Lena contact Long Coritact

None of the plastics a-~ 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, it is probable that under conditions of
prolonged submersion, there would be some effect on al1 of the mat-
erials tested. It is also 1ikely that after the contact is ended,
that the material would return to fts origfnal state. In aqy event,
pretesting is advised prfor to employing any given solvent.

I
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Plastic Effect

Inltlal - After Dryinq .
. -. 0

i::
8.0

8;::

Polypropylene (General Purpose Grade)
Polyethylene 3300 (High Densfty)
Polyethylene (Linear)
Polyallomer (Ethylene Prop 1ene Copolymer)

YAcetate (Ccl1ulose Acetate
8utyrate (Ccl1ulose Acetate 8utyrate)

a
i.5
1.0
-7.0

Sample Decreased
In Size

Samole Decreaded

,-

.-

1-

Propionate (Ccl1ulose Acetate Propfonate) 01storted and
Softened
Partfally Dfssolved

NOTE: Exposure; Insnerslon for 14 days at 77”F. Measurements were taken
iinnedfately after exposure and after drying in .anoven at 1OO-102’F
for 48 hours. The measurements indicate the percent of 1fnear swel1.

{n Sfze

X16.6.2 EFFECTS ON ELASTOMERS.
Effect

Elastomer or Rubber Initfal After Oryfn%
hardon
Chardon 15096-2 31:5 ;2:5
Chardon 15120
Hycar 1000X132 (Acrylonftrfle/8utadfene Hfgh
Acrylonitrile Content)

Hycar 1014 (Buns N Low Acrylonftrile Content)
Thfokol 300 FA (POIYSU1ffde Rubber)

32.0 -2.5

-!.0
o
-0.5
-2.0
-9.5
-0.5
-0.5
-1.0
-1.5

15.5
51.0
12.5
17.0
;~.:

45:5
14.0
40.5
49.0

TM okol 3600 ST~C -
thiokoi E 455
Oow Cornfng 94-002 (fluomsf 1fcone Rubber)
Sflostic S-6526 (Sf1fcone Rubber)
Silostic LS-63 (Fluomsi licone Rubber)
Silostfc 80 (Sf1fcone Rubber
Sflostic 675

NOTE: Exposure: Imnersion for 14 days at 77”F. Measurements were taken
immediately after exposure and after dryfng for 48 hours at 100-
102”F. Measurements fndtcate the percent of 1fnear swel1.

*

7.16.6.3 EFFECT ON VARIOUS WTERIALS

Material Effect
~

Material Effect
~ m None

Vfnyl Plastfc None
Vinyl Floor Tile None Asbestos Asphalt Tfle Surface Soft-
Ceramfo Luall Tfle None ened Color comes
Porcelain None Off if Rubbed
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Material Effect ‘Material
~oor Tile

Effect
Sur~oft. ~ Floor TiIe None
ened, Color ~Polystyrene Wall Tile Badly Frosted
comes off if Surface DISSO1ves
Rubbed Varnish No Visible

Enamel None Effect on Sur-
Latex Wal1 Paint No..Visible face Slight Color

Effect on Sur- 1f Rubbed, on
, face slight :~h

Color if Rub- Flat Oil Paint
bed on Cloth Latex Foam Rubber

Acetate Rayon
Swells Foam,

None
Viscose Rayon

Weakens al1
None Structure

Pacmn Polyester None OrIon Acrylic None
Silk None Saran Yam None
Plexiglass AccYlic None Polyurethane Foam
Nylon Film None

Very S1ight
Swel1, no’After
Effect

7.T6..6.4 EFFECT ON WIRE COATINGS

I

=tal 1201 Red Enamel(Air Dried) lioVisible Eff t

Effect After 5 Minute Sprayinq

GE Glyptal 1201 Red Enamel (Baked) No Visible Eff~~t
GE Glyptal 1202 Insulating Vamtsh

(Air Drfed) Varnish Lffted
GE Glyptal 1202 Insulating Varnish

(Baked) No Vfsfble Effect
GE 97OO Insulatfng Vamf sh Baked

[1
No Vfs$ble Effect

GE 9740 Insulating Varnish Baked Varnfsh Lffted
Harvel 612C Insulatfng Coatfng (Baked) No Vfsfble Effect
Dow Cornfng Sf1fcone 997 (Baked) No Vfsfble Effect
Westinghouse 166-1 (Baked) No Vfsfble Effect
Shewf n-Wf1lfams Ajax V61-V8 (Baked) No Vfsfble Effect
Pedfgree Sealer #30 (Afr Drfed) No Vfsfble Effect
Lecton Insulatfng Coating (Baked) No Vfsfble Effect
Fonnvar Insulatfng Coatfng (Baked) No Vfsfble Effect
Njclad Insulating Coatfng (Baked) No Vfsfble Effect

ZA16 :6.5 EFFECT ON ALUMINUM ALLOYS

w
Cormston’ Rate (MILS/Year~

. w-—”’
7075 3,78
7075 6.23 z

.

1s6
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TlnFA 10 Corrwsfon”Rate”(MILS/Year)
w.

20?4 0:55 L 50--- . ..-.

m2219 48 Days 0.03 ’300 approx
2219 33 Deys 0.08 600 approx
2219 33 OayS Severe Cmrosl on 60D approx

NOTE: Seven day reflux test, except where otheswlse noted. Corrosion rates
of less than 10 MPY are consldeswd Insignificant. Hhen a separate
water phase 1s present, In nearly al1 cases, the corrosion becomes
severe. In the case where a sample Is placed in contact wtth both
a solvent and water phase and a vapor phase, the corrosion begfns
In the watir phase, then fn the vapor phase and flnally In the solvent.

2;1.6.6.6 EFFECTS ON VARIOUS ~ALS.

Metal

AliiiiTnumliOO
OrY(100T““01~

Alumfnum 2024 1 1
Alumfnun 2219 1 1
Brass (70j30) 2.2
Ma neslum AZ63 :.2 3.3
10!0 Steel 1, 1
Stefnless Steel 316 1 1
Co per
10!0 Galvanfzed Steel

1
;

Tftanfm TI-6A1-4V 1 ;
TIn 1
XInc ! 1
NOTE: Seven day reflux tests, the results are fn Mf1s per year of corrosfon.

7.16.6.7 COMPATIBILITY HIT” MISSILE FUELS.

A Major concern of aerospace fndustry Is the compatfbilfty of solventa with
mlsstle fuels. Sfnce many components have areas of entrapment where a solvent
could mmef n and U1tfmately becoasemfxed wfth the fuel, Methyl Chloroform was
testad wfth mfsslle fuels.

Fuel
~men Peroxide, 90%

Effect
mble - No Apparent Reactfon

Hydrazlne .wdrate 85% Insnlscfble- No Apparent Reactfon
Hydrazlne 95+2 Insnfscfble - Nydrazfna Turned Red
Monomethyl Hydrazfne Mlsclb7e - No Apparent Reactfon
Unsymetrfcel Dlmethyl Hydrazfne ttfscfble- No apparent Reactfon
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7.17 TRICHLOROETHYLENE

Z.T7 .1 PHYSICAL PROPERTIES ~ -

Fonnula
Molecular Weight
Boiling Point “F

‘c
Freezlng Point ~{

SpeCiflc Gravity at 20”C ‘
Pounds Per Gallon at”68°F (20”C)
Latent Heat of Vaporization at the BollIng Point caa~~

Speclfic Heat of the Liquid at 20”C Cal/gm/°C or
BTU/lb/°F

Vapor Density at the Eolllng Point and 760 IISIIHg Qn/Liter 4.5
BTU/1b O.27B

Vapor S ecific Gravity (Alr = 100)
!

4.54
Evapora ion Rate (Ether = 100

1
28

Vapor Prassups at ‘20”C (nsnHg 57.8
Flammablll~ (U.L. Rating)
Viscosity of the Liquid at 20’C (Centlpolse) ;.58
Dielectric Constant Liquid (16”C) 3.42
Solubili~ at 25°C ~Gm/100 gm) Of Water 0.032.

In Wa@r 0.11
AcldiQ (as liCl% by Height, Nex.) None
~~um Allowable Concentration In ‘Air (ppn) 200

Clear
Distl1lation Range “C
Non Volatile Resldue

86.4 -87.5
0.001

CHCLCCL2
;3J.:0

86:9
-123.5 ~
-86.4
‘1.466
12.25
57.2

103.0

0.225

Fwe Halogen None —

T.17.2 SPECI~FIT~NS
O-T-634 Trichloroethylene, Technical

NILITARY NIL-T-7003 1,1,2-Trichloroethylene
MIL-T-27602a 1,1,2-Trichloroe~l ene

NAsA NA5A-SPEC-217 Trichloroethylene, Technical

● ’

.,

7,.17.3 SOLU81LITY OATA. Trichloroe
T

leriepossessesthe following solubi1ity
characteristics toward various miterla s.

Material
K -m

So;o;;;ity

Miscible Ganzene
Toluene

Miscible
Nlsclble Carbon Tetrachloride Nlsclble

n-Heptane Miscible Methanol Niscible

1. ●
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Plastlc, flastomer or Rubber
Polyprop 1ene

{
General Pu~ose Grade)

Polyethy ene 3300 (High Oenslty)
Polyethjlene (Linear)-
Polyallomer (Ethylene Prop lene Copolymer)

J“Acetate (Ccllulose Acetate
Butyrate (Cellulose Acetate Butyrate)
Propionata (Ccllulose Acetate Propionate)
Chardon 15093 (1)
Char’don15096

I

!

.“

I
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Material
m _ wohol

so:so:::itY

Butyl Alcohol Miscible Ethyl Acetate Miscibl~
Methyl Acetate Miscible Ethanol Miscible
Water Insoluble

7.17.4 ~TERIALS COMPATIBILITY

‘7.17.4.1 EFFECT ON ~TERIALs OF ~oNsTRucTIoN”

‘Material Effect Material Effect
,-i%ne Eves ~ Chloride ~llen
Polyethylene 4 Hr. S1ight Bakelits (Phenolic)
Teflon TFE None Neoprene Rubber Swel1s
Si1icone Rubber Swells Fonnvar (Polyvinyl Formal)LH~jdSoften
Bondar None GlyPtal 1201
Glyptal 1202 Lifted GE 9740
Ink, Marking

Lifted
Removed

7.17.4.2 EFFECT ON p~STIm > E~TO~Rs AND R~BE~.

Initial Measure
.

:::
10.0

15::1
j;,;)

38:5
36.0

High Acrylonitrila Center”” -e c

Hycar 1014 [3)(Buns N Low ACI
Thlokol
Thio
Thio

Chardon 15120
Hvcar 1000 x 132 (Acwloni trile/Butadiene

n~l 10. =
. ...,.-. .-. . . tylonitrile Content) 54.0

“3000 FA (Pol SU1fide Rubber) 28.0
;ko; ~6~~5ST-C (4$

:::
Dow Coming 94-002 (2) (fluorosilicone Rubber)
Silastic S-6526 (Silicone Rubber) 4;:;
Silastic LS-63 (fluorosillcone Rubber) 6.5
Silastic GO (Silicone Rubber) 36.5
Silastic 675 51.0

-:.5
-0.5
-12.5

-;.5
-4.5
-5.5

-3.0
-4.0
-1.5
-0.5
-4.5
-2.0
-;.0

-1.5
-0.5

,.
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I

I

NOTE: a. Warped b. DIstorted and Softened c. Partially 01SSO1ved
or Dtslntegrated ,d. Totally Dissolved or Disintegrated

1. Chardon Rubber Corporation 2. Dow Corning Co oration
3. B.F. Goodrfch Chemical Company T4. Thiokol Chemica compa~

A negatlve sign indicates that the sample decreased In SIze, the
data is to the nearest 1/2 of l%. The samples were placed tn the
solvent for 14 days at 779F. After exposure, the solvent was allowed
to evaporate from tie sample surface and the Inttial measurements
were taken. The samples were then drled for 43 hours at 100- 102”F
and they were again measured.

7.17:.4.3 EFFECT ON ALIMINUM ALLOYS.

%?
Corrosion Rate (Mils Per Year)

v
2024 0:364
2219 (4B t)ws)

153
1.09 150

7.17.4.4 EEFECT ON VARIOUS M~ALS.

~, OrY (1OOIIPM HzO~ Wet (400PDM H90]

Aluminum 1100
Aluminum 2024
Alumin~ 2219
Brass (70/30)
Copper
Magnesium AZ63
Steel 1010
Steel Galvanfzed 1010
316 Stalaless Steel
11tanium (Ti-6Al-4V)
11n
Zinc

1“
1.5
1

!
1
1
1

NOTE: Seven Day Reflux Test. Less than 1 Mil per year is considered excellent.

7.17.4.5 LOX & NTO SENSITIVITY. ~pounds have been known to explode
VIolently WIth LOX after 1nltlatlon WIth M36A1 blastlng caps 1nclude:
1,1,1-Trichlometh ane, Trlchlomethylene, and chlorinated dye penetrants
numbers 1 and 2.

There is also
nitrogen tetroxlde

a known violent and unexplalned reaction be~een
and many halogenated ~drocarbons.

● ’

● ‘;
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Insufficient data Is available to explain the reaction but it has
been found that those solvents which are symetrical are less likely to
explode than asymmetricalsolvents. Single bonds and more flourine than
chlorine in the composition of the solvent also seems to lessen the
1ikelihood of explosive mixtures being formed.

7.18 ~ICHLOROMONOFLUOROETHANE

7.18’.1 PHVSICAL PROPERTIES

Formula
Molecular Weight
Boilfng Point ~~

Freezing Point ‘F
Oc

Critical lampera~ure

Critical Pressure 1$

Vapor Pressure PSIA at 70°F
at 130°F

Specific Heat of the ~~~tIj at

Oensity at the

Latent Heat of

Saturated
Boiling Point

Liquid

Saturated

CCL3F
137.4
74.8
23.8

-168.0
-111.0

?%::
635.0
43.2
13.4
39.0

70”F BTU/(lb)(°F)
0.21

Vapor 0.13

12.34
;&#u! ft. 92.31
gin/cc 1.479
Vapor
1bs/cu.ft. 0.3650
@/cc 5.847

Vaporization at the Boi1ing Point
BTU/lb 78.31

Heat Capacity at 70”F (21.l”C) ~~tI)(OF) or Cal/gm(°C)
43.51

0.205
Satirated Vapor O:la

Thetmal conductivity at 70°F (21~~J~/dBTU/(hr)(sq.ft.)(°F/ft)
0.0629

Vapor 0.00473
Viscosity at 70”F (21.l”C), Centipoise

Ltquid 0.438

Refractive Index of the Liquid a~~~7°F (26.5aC)
0.0108
1.384

Surface Tei.sionat 77°F (25°C), (dynes/cm) 19.0
Relative Oielectrlc Strength at 1 ATN and 73°F (230$)

(Nitrogen = 1) 3.1
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I
I
I

I
)

Dielectric Constant Liquid at 86”F (30°C) 2.28
Vapor (0.5 ATM) at 79°F (26”C) 1.0019

Solubllity at 70°F (21.l”C) % by Weight Of Water 0.009
In Water 0.14

Dlffuslbl]ity in:alrat 77°F (25°C) and 1 ATM Sq. Ft/Hr 0.307
Sq. Cm/See 0.080

Rate of Evaporation (Carbon TetrachTorfde = 100) 225

7.18’.1.1 LIQUID DENSITV.

Temper#ure “F Lbs~~~Ft . L~/$1 \Gr~mss~

92;7
::

12:39 1:485
91.9 12.28 1.472
91.0 12.27

1::
1.458

90.2 12.06 1.445

7.18.2. GENERAL INFORMATION. A dense, colorless liquld, highly volatile,
non flammeble and miscible with most organic compounds. Also known as
Trlchlorofluoromethane. It is miscible in all proportions with acetone,
benzene, carbon t.etrachloride,Chlomfotm, ether, ethanol, hexane, kerosene,
methanol and mineral 011s.

Under normal conditions, steel, cast 1mn, brass, copper, tin, lead,
zinc, al umlnum and magnesium can safely be cleaned. In the presence of
water at elevated temperature, the solvent may suffer some adverse effects
resultlng In damage to ztnc, alumlnum, magneslum and steel.

While inhalation of the vapors does not present too great a hazard,
the TLV Is 1000, neoprene gloves must be worn to protect the skin. The
total range of cleaning operations, both hot and cold may be employad with
trlchlorofluortnnethane,and the solvent 1s very steble and readily re-
coverablee.

7.18:3 SOLUBILITV DATA. The following o~anlcs are soluble to the degree
1ndlcated.

Alcohol
= ~-e =e m

fflsclble Methyl Ethyl Ketone Miscfble
Isoprvpanol Mfscible
Isobutanol

Methyl Isobutyl Ketone Miscible
Miscible DIacetone Alcohol

Oleyl Alcohol
Miscible

Mlsclble Ssophorane Mlsclble
Acc~mwne

Ethers
Mfsclble

XO:%r

Insoluble
Miscible

as Mlsclble

● ’

e,
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Ethers
me’ -
Uiphenyl Ether

%$!%e Glycol
Propylene Glycol
Dlethylene Glycol
DIpropylene Glycol
Trfethylene Glycol
2-Ethylhexanedlol-1,3

Benzene
SAE No 10 Motor Oil
SAE No 20 Motor Oil
SAE No 30 Motor Oi1
Mlneral 011
Na~~tkne

Kerosene

Miscellaneous
hcetamide
Agar
Phenol
Casein
Sucrose
SPAN 20
SPAN 60
TWEEN 40
TWEEN 80
Gum Arabic

.R%w
Miscible

Insoluble
Insoluble
liIsoltib?e
Mlselble
Insoluble
Miscible

Miscible
Miscible
Miscible
Miscible
Miscible ~.
Miscible
Very Soluble
Miscible
Miscible

Insolub~~
Insoluble
Miscible
Insoluble
Insoluble
S1ight Sol.
Moderate Sol.
Insoluble
Insoluble
Insoluble

Esters
~Acetate m
Phenyl Acetate Miscible
Phenyl Ilenzoate Moderate Sol.
Dibutyl Phthalate Miscible
Tricresyl Phosphate Miscible

Chlorinated ItYdrocarbons
hrbon Tetrachloride Miscible
MethylAne Chloride Miscible
Perchloroethylene Miscible
Trichloroethylene Miscible

!%%&w Very Soluble
llyristicAcid Miscible
Coconut Oi1 Fatty Acids Miscible
Salicylic Acid Insoluble

Waxes
-ax S1ight Soluble
Paraffin Moderately Sol.
Camauba Insoluble
M#crocvstal 1ine Wax Slight Soluble

Miscellaneous
Renthol Miscible
Gelatin Insoluble
Urea Insoluble
SPAN 40 Moderate Sol.
SPAN 80 Miscible
TWEEN 60 Insoluble
Thymol Miscible

7.18.4 MATERIALS COMPAT181LITV.

7.18.4.1 EFFECTS ON pLAsTICS.

Plastic %Change

Bakelite ~ T ‘ic:s w ‘mrks
Cellulose Acfltate . . . 4.9 Final Weight; 98.5%

of oriainal
Cel1ulose Nitrate 0.5 0.6 0.8 5.2 FiniIl‘ieight; 98%

of original
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Plastic

~ W % % ‘“arksMl 6
Pl~glass
Polyethylene 6:1 6:7 7;6 32:4 Dimensions/lfeight

101% of original
polyviflyl A cohol 0.7 0.8 0.4 Little Effect
Polyvinyl Chlorlde 0.2 u 0.7 11.5 Final Weight; 110%

Saran -0.3
of ortglnal

-0.2
TFE

:.; 0.2 Little Effect
0.0 0.0 . 1.4 Weight; 100.5% of

original and
thickness; 101.5%

Nylon 66 0.0 0.0
of orjginal

0.0 0.0

7.la4.2 EFFECTS ON ElA.STONERS.

Elastonw Final Change,

Neoprene - = ~~ion shown by
weight loss and

Navy Gum 37.7
sol~ent coloration

“143:3 -4.6 -10.0 Same as Neoprene ● ,
Buns N 20.8 -5.2 -10.9 Same as Neoprene
Silicone 5::: 261.7

,/
-1.8 -3.5

Pure @nn 60.0 309.6
Fairly low extraction

-2.7 -3.8 Same as SilIcone

NOTE: Final Change indicates % of change after the e~astomer has been drled.

Linear Swel1in

Neoprene GN
ncrease 1n Length

[
Buna N Butadiene/Acry70nftrile)
Buna S Butadiene/S~rene) 2;
Natural Rubber
GRI (Isobutylene/Isoprene) :;
Polysulfide 2.1
St11cone 38

7.lg.4.3 EFFE~.$ ON ~CHINERy E~EL.

Exposure: Test panel stored half in llquid and half in ‘.apor at 75°F for
196 hours in closed glass bottle.
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1.

Solvent: Trichloromonofluoranethane
_nce of Test Panel: After 1 Hour; Paint Softened

After 4 Hour; .%al1 blistars
After 22 Hour; Paint badly SWO11en
At End of Test; Crack developed at edges.

No discoloration or sagging. Paint
discolo~d by undercoat penetrating

Appearance of Solvent: ‘S1ightly ~~~!”

.7.16.4.4 EFFECT ON UIRE INSULATION.

Exposure: 100 hours at 130”F
Naterial Effect
WimY =x~~~~ Coating not softened,

Bondar No crazing, Coating not softened,
No extraction

Nylon No crazing, Coating not Softened,
No extraction

.Lecton No crazlng, Coating hot softened,
No extraction

Alkanex No crazing, Coating not softened,
No extraction

Polyurethane No crazing, Coating not softened,
No extraction

7.18.:4.5 NTO SENSITIVITY

Induced Shock Equivalent Reaction
4 gram equivalent of ThT -sion

1/3 groinequivalent of TNT No Explosion
25 gram equivalent of TNT No Explosion

7.19: TRICHLOROTRIFLUOROHHANE

7.19.1 PHYSICAL PROPERTIES

Fo%la
Molecular Ileiaht 1:;!3FCCLF2

I Boilina Point- ‘F 117.6
‘c 47.6

Freezing Point .:F -31.0
c -35.0
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Critical Temperature “F

“c
Critical Pressure g:A

Density at 8oiling Point

Saturated

Llquld Lbs/cu.ft.
Lbs/gal
GM/Cc

VaDor Lb/cu.ft.

Denstty of the Llauld at 77°F
Lbs/;u.ft.

Latent Heat of Vaporization at the Boiling Point
BTU/1b

Heat Capacity at 70”F (21.l°C), BTU/~~i~ or Cal/Gm(°C)
Liquid

Refractive Index of the Liquid at 79~g~(26.50C)
Surface Tension at 77°F (25”C), (dynes/cm
Dielectric Constant Liquid at 86°F (30°C1

Vapor (0.5 ATM) at 79°F (26”C)
Volubility at 70”F (21.1°C), % by weight, of Water
Solubility at Saturation Pressure and 70°F (21.l°C), % by

Height. in Hater

:;;.:

495;0
33.7
94.29
12.60
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;18.11 COMMERCIAL SOLVENT GRADE SPECIFICATION. Manufacturers have
estebl{shed the following criterta for the solvent grade of Trichlorotri
fluoroethane:

Purity: 99.8 Height $ Minimum, 0.2 ileight% maximunt’otherfluorocarbons
Residue Centent: Not more than 2p

r
by weight

Acid Number: (mg KOH/gm of sample ; 0.003 maximum
Chloride Ion;: O.lppm by weight maximum
Moisture: 10PPM by weight maximum

7.49.1.2 COMMERCIAL HliITEROON GRADE SPECIFICATION. Manufacturers have
established the @l lowing criteria for the white room grade of Trichloro-
trifluorpethane:

Purity: 99.9 Neight S minimsn, 0.1 Height % ~xlmun other fluorocarbons
Residue conten~ Not more than lp

O lPPM by weight ma!!!!m~‘eight
Acid Nmber: (mg MJN/gm of sample ; 0.003 maximum
Chloride Ion:
MoiSture: 10ppm”liyweight maximum

7..19.2 SPECI~FITNS.
BB-C-31O Chlorofluoro Hydrocarbons

MILITARY RIL-C-81302 Cleaning Canpound, solvent,
trifluoraethane

Trichloro-
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7.19.2.1 COMMERCIAL SPECIFICATION AND TEST.

Specification

a.) The product shal1 be a clear color-
less llquid.

b.) The product shall be passed through
ald:~~ fi1tar upon loadlng 1nto

.

c.) The product shal1 be packaged In an
epoxy-modifled, phenolfc-1ined drum con-
taining either polyethylene or epo~-
modlfled PhenolIc-coated steel bungs.

d.) The product moisture content shall
not exceed 10ppm by weight.

e.) The induct soluble residue con-
!tent shal not exceed 2ppm by weight.

f.) The product shal1 give no posltlve
test for chloride ion when tested with an
alcoholic solution of silver nitrate.

g.) The product shal1 have an acid nun-
ber of 0.003 mg KOH/gm of sample or less

h.) The product’s boiling point shall be
47.~C at standard barometric prassure.
The product’s bof1ing range from 5% to
95% dlstlIled shall not exceed 0.3°C

1.) The product shal1 reveal no par-
tlculate mattw and no more than a trace
of resldual color when fi1tered through
a No. 40 Nhafmn filter PaPer.

j.) The purity of the product shal1 be
99.8% by weight minimwn.

Test

Visual Inspection

Titration with Karl Fischer
reagent using a Beckman Aquameter
model KF-2 automatic titrator.

Gravimetric measurement of residue
fmm evaporation of a 1000.OM1 sample.

Eml mixed with 5ml of absolute methyl
alcohQl to which 3 tO 4 drops of
silver nitrate in absolute methyl
alcohol has been added.

ASTM - D974

~~ e 01078 with distillation
controlled to roceed at a rate

fof 0.4 - 0.5 m /min.

Filtration of a 1000.Onl sample
through a No 40 Mhatman fi1ter
~~l~ing 1ab glassapparatus

-.

Gas chromatographic separation with
temperature programing through
a CO1umn composed of 20% by weight
of 01ypmpyl ene glycol on 60-8

RUS Chmmosorb.

167
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7P.9..8 VOLUBILITY OATA.

7;,m .3.1 SOLUBILITV OF WATER.

Temperature ‘F Sol,ubflf@ Temperature “F Solublllw

-30- - 50 +P-
-20 60
-10 1!
.0

1’
:

10 ;;
2 113

140
26 12

‘:
168

110 210
2

“7@.3.2 SOLUBILITV OF VARIOUS MATERIALS.

Alcohols
=

ISO ropanol
I1s0 utano~

oleyl Alco?Iol

Ethers

!W%X:F
&lsole
Dipheqyl Ether

Benzene
SAE No 10 -ktw 011
SAE No 20 Motor 011
SAE No 30 Motor 011
Jlineml Oil
Naphalene
Biphenyl
Uerosene

Uexes
Bisi5iiex
Paraffin
Ceriteuba
MIcrocrystalline Hex

%%!-w
Miscible
Miscible
Misctble
InSoluble

Miscible
!liscible
Miscible
Miscible

Miscible
Miscible
Miscible
Miscible
Miscible
Miscible
Ven soluble
Miscible
Miscible

Slight Soluble
Moderate Sol. .
Insoluble
Slight ~luble

Katones
-

g:::::;ty

14etl@ Ethyl Ketone Miscible
Methyl Isobutyl Ketone Miscible
oiacetone Alcohol Miscible
Isophorone Miscible
Acatophenone Miscible
Benzophenone 141scible

.

Stearone Insoluble ,’

Chlorinated Hydrocarbons
rbon Tetrachloride Miscible

W lene Chloride ,,
T

Miscible
Pert lomethylene Miscible
Trichloraethylene Mi,sci,ble

!&Hw Ve~ Soluble
HyriStic Acid Mlscible
Coconut Oil Fatty Acids Misctble
Salicylic Acid Insoluble

Ris%i#i:ysdlInsoluble
f

Insoluble
Oiethylene G ycol Insoluble
Dipro ylene 61ycol

+

Alscible
Trie lene 61ycol Insoluble
2-Ethy hexanediol-1.3 Miscible

‘.168 /
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1-

~..
I
I

Amoco 90 Ut Gear Of1
AUKICO30 Wt Motor Of1
Texaco Alrcraft HydraulIc 011
Socony Moblle OTE Lube 011
Ibrthia 427
Texaco Sultey B Cutting 011
Cloraffn 40
Venf 1ube F-50

knerlcal ofi timpany
herfcan Ofl Company
Texas Contpaay
Soco~ Mobfle Company
Shell Ofl Canpany
Texas Company
Hercules Powder Cunpany
General Electrfc f.anpa~

Mfscellaneou$ Mfscellaneous
= Zgar - =
Mfscfble Menthol Mfscfble

Casefn Insoluble Gelatfn Znsoluble
Sucrose Insoluble Urea
SPAN 20

Insoluble
S1fght Soluble SPAN 40

SPAN 60
Noderate Sol.

Moderate Sol. SPAN 80 Mfscfble
TWEEN 40 Insoluble lWEEN 60 Insoluble
TWEEN 80 Insoluble Thynlol Mfscfble
Gun Arabfc Insoluble

7.19.3.3 VARIOUS OILS TOTALLY MISCIBLE WITH TRICHLOROTRIFLUOROETH4NE.

of1 Manufacturer
mol
Synjet 011 15
Sunfsco 3G Sun Ofl Conmanv

I
I
I
I
I
I

I
I,.
I
I
,.

I

I

I

‘o

7.”lg.4 MATERIALS COMPAT181L1TV.

t7.354.l EFFECT ON PLASTICS
●

Plastfc Effect P1astfc
~olyethylene Resfn F

Effect
~pylene Resfn w

Acetal Resfn None E~y Gellulose Ve~ S1fght
ABS Polymer None Polycarbonate Resfn None
Polyvfnyl Chlorfde None Polystyrene None
Ionomerfc Resln None 101 Nylon Resfn None
TFE Resfn None Polymonochlorotrffluoro
Polyester Resfn Lamfnate 3% swell ethylene 1S change fn
Polyvfnyl Alcohol None Wefght
Saran None Nylon None
Cellulose Acetate None C910rlnated Polyether 0.3?4swell
Polyestar/S~rene Copolymer None
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7.19.4.2 EFFECT ON PIASTICS AND RUBBER

PIastic % Linear Swel1
5 Min at Room Temp 5 Min at Hfqh Temp

C Urethane Rubber None
L Urethane Rubber None
Buns N NY
Buna S ;::
Synthetic Rubber
Butyl ;1 2:::
Natural Rubber 17’ 19.0
Neoprene W 1
S1licone 3::;
FA Polysulflde :
A fluoroelastomer 5 ;:;
Hydrocarbon Rubber 1. 18
Neoprene GN
NBR : 1
Co~ounded Polyvinyl Alcohol -i

9 9

7.19..4.3E~ECT oN WIRE CoATIN6s

%%#hire(Cotton coating removed) ‘n~~~~ .
Effect
~

8ondar Wire Cotton coated WIth varnish) 24 t!OUr5
Insulsting Cloth (Varnish coated) 24 tiOUl% None
Papw Insulation
Fotmvar Wire
Si1icone-Treated G1ass and Mica Mat
Si~~~~-Treated G1ass and Asbestos

Silicone-Treated Class H Motor Cd 1
Dow Corning 996 Electric Instigating
h Coming 997 Electric Insulating

24 HOUr$ None
24 HOW% None

Tape 1 Day None
slat----

None
:% None

Varnish 2 Min None
Varnish 6 Min ?lone

S.tgj4.4 EFFECT ON WIRE INSULATION

-Insulation Effect Insulation Effect
Polyvinyl Fonml ~ kndar ~
~lon Polyamide Acrylic
Alkanex None Polyurethane None
Polyamide None

i.
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.7.19.4.5 EFFECT ON VARIOUS METALS
?
Metiil

-ntsn ~
Corrosion (Mlls/Year)

None
240 None
:~ (Hater added, 3%by Vol.) None

<0.01
Brass 200 None

None
~~ (Mater added,3%by Vol,) None

Copper 200 , None ,
392 >0.1

Negnesium 200 (contact time 14 Days) 0.01 to 0.1,
Steel 200 None

Zao None s
240 (Water added, 3%by Vol.) None
392 <0.01

NOTE: Contact time = 260 days exposure unless othenvise indicated.

7..19.4.6 EFFEfl ON ALU41NIJ?4ALLOYS
.

w Cwroslon Rate (Mils per Year~

:::: [%!%

w
0:02 25
0.03

7075 2.32
7075

<g
4.95

7075 3.55 89
7075 3.22 Saturated

NOTE: Seven day reflux test whew othenlse 1ndicated. In the presence of
zinc, the solvent Is dechlorinated. The greater corrosion In the
7075 al10Y is probably due to the presence of 5.6% zinc in that al10Y.
No significant corrosion was noted in systems where tbe water con-
centration did not at least approach the saturation point.

kletel ~ Z of Oecomuosition

NiId Steel
316 Stainless Steel
Iconel
Nickel
Monel

360 ~S
430 Days
435 Days
300 Oays
250 ~S

0.95
:.::

0:30
1.02

1“71
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NOTE: Metal samples were PIaced In glass ampules which were then
evacuated, fi1led with solvent and sealed. The ampu?eswere
stared at 500*F for periods of 250 to 435 days.

Metal
Xliii7tnum
ZiDC
Magnesiun
Tin
Copper

NOTE: 1 -
2-

Nil -

bndition Corrosion Rate (in./nmnth~ CorrosionAppearance
~ None

6 X 10-6 None
21 x 10-6

;
Slight corrosion

Nil
1

None ,
12 X 10-6 S1Ight Tarnlsh

Sealed tube test for 100 hours at 117.6’F
Sealed tube test for 91 days at 194°F
Indicatesthat the corrosion rate was below the limit of weighing
accuracy - (ie. less than 6 X 1o-6 inches per.month

‘7.14.4.B EFFECT ON AIRCRAFT I#iTERIALS.

113
Material

113 “+0.12 water
weeks weeks

Position
M

Posftion
~= ~+

000 Condense 0.04 0
Liquid

Ti-6A1-4V
Liquid O G G

Vapor 0.:8 :00.:2 Vapor 000
.

Al 6061

4130

NOTE: Al1
(a)

Candense
Liquid 0.:4
Vapor(a) O

Condense O
Llquld
Vapor :
Candense G
Liquid G

measurementsare in Mi
Liaht Tamlsh

GO
o

;0
o :
G
Gb 0.01
Gb 0.01
Gb 0.01
1s per year.

Condense O 0 0
Liquid OG
Vapor(a) ~G
Casdense(a)O 0 :
Liquid(a) G
Vapor G 0.;4 o.f7b

Cf!::rae : 0.:3 ::;!!

$) Af~r tist tival
Indicatesslight weight gain

7.19;4.9 IMPACr SENSITIVITY

Material Nunber of Specimens
F

Reactions at 70 FT.-lbs
~

- 1100+aluminasand
Al -7075 4’ None

● ’
I

I
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1~”
Materlal Number of Specimens

I
~

Reactions at 701T-lbs
None

Ti - 75A + Ti powder 1 None
- 6AL - 4V 1

:4
None

I - 6A1 - 4V + Ti powder 1 None

1“,. .7.t9.4.10 IMPACT SENSITIVITYHEIGHT
I
I Minimun impact sensitivity

I
Heigth ~n~ches (5 lbbal1).,

Solvent Al ~ Mg Ti Ba Li Be BeH
2mr Powder Powder Shavinqs Shavings Powder Pow er

Monofluom-
—— ——

trlchlom-
1 methane F50 O 0 x 20 x 50 0 0
I Trfchloro-
1 Trifluoro-

1
ethane F50 O F 50 [ i’o
Carbon

X20 o 0
F 30

Tetrachloride x 50 F50 O x 15 X 18 F50 O

;( ● Trichloro- F 13
ethylene o F50 F 50 x 15 X 25 F50 O,

I
Perchlom- F 15
ethylene o 0 0 x 20 X30. o 0 “

I l,l,l-Trl-
1 chloro-
1 ethane 0 -0 0 0 0 0 0

I NOTE: X - Heigth in tnthes—at which detonation occurrod
O - No reaction at 50 inches
F - Height in inches at which a flash or heavy sparking occurred

I 7..20TRICHLOROTRIFLUOROETHANEAND WA-3(I FtHYL ALCOHOL BLEND

!. 7.ml PHYSICAL PROPERTIES.
I

8oiling Point at 1 atm. J:
,

179
48.3

1- Fraezing Point ~~ -108
I -78

Llquld Oenslty at 77”F’(25”C) Lbs/gal 9.75
Lbs/cu.ft. 72.92.

I Gin/cc 1.168
Vapor pressure at 77°F PSIA 6.58

a

I 173 . ..”
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ViscosiV at 77°F, Centipoise 1.76Z
Surface Tension at 75°F dynes/cm 19.6
Refractive Index 1.359
Volubility of Water at 75°F Weight % 6.3
Latent Heat of Vaporization at the Boiling Point BTU/lb 149

Cal/gin 82.5
Heat Capacity at 68°F BTU/(Tb)(eF) Liquid 0.47Z
Flash Pofnt None
Toxicity Threshold Limit Value 1000
Kauri-Butanol Value 500
Dielectric Constant of the Liquid at 75°F 18 ‘
D.C. Resistivity, Ohm-an 10

.

7.za2 soLuBIL17v DATA

Substance
Acetone

#! Subgc&n~ce
m

Cottonseed Oil Miscible Ester Gti 40%
Ethyl Acetate Mlsclble Ethyl AlCOhOl gl ~i ble
Ethylene Glycol 5-8% Glycerine
Hexane 14iscible Lube ‘Oi1 1;-19%
f4ethylAlcohol Misctble Paraffin lZ3-127°F 2.Z%
Paraffin 140-142°F 0.3% Propylene Glycol 47-48%
SiItcone Oi1 ZOO Cent. 26-30% Si1icone Oi1 1000 Cent. 19-Z4
NOTE: Solubility is expressed as pe~ent by weight.

7.2a..3 M4TERIALS COMPATIBILITY

7.ZU .3.1 EFFECT ON PLASTICS
7

Exposure: Insnersionin liquid for 5 minutes at 75°F

Plastic Effect Plastic Effect
~near Polyethylene Resln~ ~ypropylene Resin ~
Acetal Resin o Epow Resin
Ethyl Cel1U1ose ABS Polymer
Polycarbonate Resln ; Methylmethacrylate Resin ;
pOlytiny~ Alcohol 1 Polyvinyl Chloride
Polystyrene o Ioncmeric Resin :
TFE Resin o 101 Nylon Resin o

NOTE: O - No VIslble effect 1 - Very slight effect

174 - “
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Effect Elastomer
diprene L
Buna S

t! Hypalon 40

Elastomer
diprene t
Buna N
Butyl
Natural Rubber
Nordel
TM okol FA
NOTE: EXPOSUR ;

e~pressed

1 Ne~prene W
;!;;lY~

0!
Insnerslonat room temperature for
as percent of temporary change 1n

Effect

:
1~.

2
5 minutes. Effect Is
linear dimensions.

7.?0.3.3 EFFECT ON WIRE COATINGS. The solvent had no adverse effects on
we fol1owing magnet wtre coating materials after an exposure of 5 mlnutes
at 75”F: AcrylIc EPOXY Terephthalate Polyester

Polyvinyl Formal Polyurethane Isocyanate-Nodifled Poly-
ESX Solderable Polylmlde

ActyliC
vfnyl Formal

Nylon Coated Polyvinyl Formal

7.21 TRICHLOROTRIFLUDROETHANEAND ISOPROPYL ALCOHOL BLEND

7.2!.1 PHYSICAL PROPERTIES

Boiling Point at 1 atm 1; 120.0

Freezing Point ~F -2::-. -
“c -70.0

1.

I

1.

Liquid Qenslty at 77eF Lbs/gal 9.60
Lbs/cu.ft. 71.79
Qn/cc 1.150

Vapor Pressure at 77-F 5.5
Viscosity at 77°F Centipotse — 0.997
Sufface TensIon at 75”F, dynes/cm 21:0
RSfractfve Index 1.368
Solublllty of Water at 75”F, ltefght Z
Latent Heat of Vaporlzatfon at the Bolltng Point BTU/lb 11::;

Callgm 66.5
Heat Capacf$y at 6~F BTU/(lb)(“F) Liquid 0.355
Flash Point Non~5~ Bof1fng Point
Threshold Ltmit Values
Dielectric Constant of the Liquid at 75°F
D.C. Resistlvity, Ohm-cm 2g~2107

I 7.21.2 SOLUBILITV DATA
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Substance
~ottonseed Of1 . &*Q v
Ethyl Acetate Mis::jl: Ethyl Alcohol MlS~i ~~
Ethylene Glycol Glycerln
Hexane Miscible Lube Oi1
MMYl Alcohol Mi~~~le

Miscible
Mineral Oil Miscible

Paraffin Wax 123-127°F Propylene Glycol Miscible
SiIicone Oi1 200 Centi. Mis~ble Silicone Oil 1000 Centi. Miscible
NOTE: Volubility is expressed as either total miscibili~ or percent by weight.

7.21’.3.1 EFFECT ON PLASTICS

tlaktic
-near Polyethylene Resin~

Plastic Effect
~ypropylene Resin ~

Acetal Resin Epoxy Resin
Ethyl Cellulose AB5 polymer o
Polycarbonate Resin : 14Mhylmethactylate Resin
Polyvinyl Alcohol Polyvinyl Chloride :
Polystyrene : Ionomeric Resin
TFE Resin o 101 Nylon Resin :
NOTE: O - No visible effect 3- Compatibility should be tested

●

j~??.3.2 EFFECT ON ELASTOMERS

=e Rubber
Effect Elastomer Effect

~
o Buns S------

Bu@ o Nypalon 40 Synthetic Rubber ~
Natural Rubber o Neoprene M o
Hydrocarbon Rubber o Sil1cone
Thiokol FA Polysulfide Rubber O Viton A Fluoroelastomer :
NOTE: ExIxIsura; Ipnersion in 1iquid at room temperature for 5 minutes.

The effect is Wpressed as the percent of tempora~ change in

I linear dimension.
)

sa~ Wdi fied ~lytiwl % Malate Polyester -

Formal-
Polyurethane 0
ESX Solderable Acrylic o

EPOXY : Polyvinyl FOHM1 o

●
I

,jG
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I

~“

1-

m Effect
on oated Polyvinyl Formal ~ wtnous Enamel ~

Polyimlde
NOTE: O - No vfslble effect 1 - Very slight effect

2- Compattblllty should be tested.
Exposure; Insnerslonin liqufd for 5 mfnutes at 75°F

7.22 TRICJiLOROTRIFLUOROETHANE/WATEwSURFACTANT

I 7.22.1 PHYSICAL PROPERTIES ‘
. . $.

Bollin!aPofnt at 1 atm “F 112.0’

I ‘c 44.4.
Freezfng Pofnt ~[ 32.0

o

l.’
I
I
,.

Lfqufd Densfty at-77°F Lbs/gal 12.47
Lbs/cu.ft. 93.27
Wcc 1.494

Surface Tensfon at 75°F dynes/cm 19.5
Vfscosfty at 77°F centlpofse 0.94
Vapor Pressure at 77°F 7.0
Flash Pofnt None
Toxlcity Threshold Lfmft Value 10;:
lCaurf-ButanolValue

7.22.2 VOLUBILITY OATA

Substance
Acetone
Chlotwfonn
Ethyl Acetate
Ethvlene 61VCO1
n-H~xane -
Methyl Alcohol
Parafffn Max 123-127°F
Propylene Slycol

v
2.0
;.:

Mfsc;~;e

5:0
2.0

Substance
E@nzene
Cottonseed Of1 –
Ethyl Alcohol
Glycerfn

Solu;f:fty

,:::-

1:7
Is~propanol
;Gl of1 2:::

0.05
Stllcone 011 1000 Centf. 1.3

7.2Z3 lWERIALS CONPATIBILITV

7.22.3.1 EFFECT ON HETALS. No problems should be encountered with the
followfng metals; Steel, nickel, monel, copper, alumfnun and magnesfun.
Pro~onged exposure to zfnc and zfnc alloys may r?sult fn sane corrosfon
and this solvent shbuld not be used wfth metals whfch are galvanized.
Alumfnum poses a problem on long tann exposure, as does magnesfUII.

177
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7.22.3.2 EFFECT ON PLASTICS

. .

Plastic 5 Min 4 Hrs
-,Polyethylene — —

00
Epoxy Restn 00
Ethyl Cel7ulose o
Nethylmethactylate Resin i
Polyviwl Chlorfde :0
Ionanerfc Resin .0
101 Nylon Resin o :
NOTE: O - No Visible Effect

2- Compatfbf1tty should be tested
3- Pmpably not suftable

Plastfc
~ypmpylene Resfn ~ ~
Acetal Resin a
ABS Polymer
Polycarbonate Resfn
Polyvfnyl Alcohol
Polystyrene
T= %sfn

7.2Z.3.3 EFFECT ON ELASTOMERS

Elastomer Nom Temperatww Boflfng Pofnt (112°F)
Urethane kubber C .
~lJf?~ Rubber

.

-;:;
Buns S

::;
.

Butyl
5.5
2.3

Hypalon 40 Synthetic Rubber ::: 2.0
Natural Rubber
Neoprene U

KJ$l
-;::

t&dmcarbon Rubber
.

SiIicone 20:0 l::i
FA Polysulffde “ -0.7 1.2
Fluoroelastomer 0.4 0.8

‘ ●

NOTE: ~~n~~~ Mersf on fn 1fqufd at mom and bof1fng temperatures for
. The effect fs expressed as we percent of temporary

1fnear dfmensfon change.

7.23 TRICHLOROTRIFLUORO~E AND SDA-30 ~L ALCOHOL AZEOTROPE

7.23.1 PHYSICAL PROPERTIES

Boflfng Point at 1 atm J: 1~~.;

Freeztng Pofnt ‘F -43”
ec -A9

I Lfqufd Oensfty at ?7°F Lbs/gal i;.56
Lbs/ CU. ft. 93.96
Gel/cc 1.505

Vapor Pressure at 77°F 7..0

●
1?8 ./

I
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Sufface Tension at 75’F dynes/cm 17.7
Refracttve Index 1.358
SolublIity of Water at 75°F Weight % 0.22
Latent Heat of Vaporizatfon at the 801ll~lgPofnt 8TU/lb 77.2

Callam 42.9
Heat Capacf~ at 68°F 8TU/(lb)(“F) Liqufd

.-.,-...
0.272

Vapor
flash Pofnt

0.189
None

Toxfcfty” Threshold Lfmft Value , 1000
Kaurf-8utanol Value
11.C.Resfstfvitv Ohm-an 1!: x 1010
D~electrfc Cons-tintat 100 Hz 3.0

I

7.232 SOLU81LITV DATA

Substance,
llcetone w 2:%. e
Cottonseed Of1 Mfscfble Ethyl Acetate Mfscfble
Ethyl Alcohol Nfsc$ble Hexane Mfscfble
Lube Of1 Mfsclble Methyl Alcohol Mfscfble
Mfneral Ofl Mfscfble Sflfcone Of1 200 Centf. Mfsclble
Sflicone 011 1000 Centf. Nfscfble

7.233 MATERIALS CONPAT181LITY

7.233.1 EFFECT ON PLASTICS

The folluwfng plastfcs were unaffected by a five minute exposure to the
solvent at the boilfng pofnt:
7050 Lfnear Polyethylhe Resfn Nethylmethacrylate Resfn
Polypmpyl ene Resfn Polysulfone
Acetal Resfn Polyvinyl Chlorfde
Photopolyner Polyphenylene Oxfde
Epoxy Resfn Ionanerfc Resfn
A8S Polymer TFE Resfn
PolycarbOnate Resfn 101 Nylon Resfn

The following plestlcs may be sensftfve and warrant testfng prfor to
solvent use:
Ethyl Cellulose Polyvfnyl Alcohol Polystyrene

7.223.2 EFFECT ON WIRE COATINGS. The followfng wfre coatfngs wf11 not
be affected by exposure to the solvent: ONP-6991 ACW1 fc, X-1414 Phenol-
fonnaldehyde, Polyfmfde.

179
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7.23.3.3 EFEECT ON ELASTOMERS ●
Elastcmer Effect Elastomer Effect
Natural Rubber ~
Buns S

hlombutyl Rubber

Neoprene H
~ptIie~O Synthetic

8
Butyl Rubber 1: 8una N 4
fluomelastaner
NOTE: Exposun?; 8 days at 75°F.6 Results era expressed in terms of percent

of temporaty 1inear dlmenslon change.

7.24 TRICHLOROTRIFLUOROET1-14NEANO CHLOROFORM AZEOTROPE

7.24.1 PHYSICAL PROPERTIES

8oiling Point at 1 atm ‘F 117.3
DC 47.4

Freezlng P5int “F
●C

Liquid Densi~ at 77°F Lbs/gal
Lbs/cu.ft.
W/cc

Vapor Pressure at 77°F PSIA
Viscosity at 77°F Centipoise
Surface Tension at 75°F dynes/cm
Refractive Index
Solubility of Uater at 75°F
Latent Heat of Vaporization at the 8oiling Polnt BTU/lb

Cel/gm
Heat Capacity at 68°F 8TU/(lb)(“F) i..:;d

flash Point
Toxic1ty Threshold Llmit Value
Kauri-Butanol Value
Dielectric Constant of the Liquid at 75°F
D.C. Resistivity Ohm-cm

-59:8
-51.0
12.99
97.20
1.557
6.5
0.653
19.8
1.362
0.01
68.2
37.9
0.214
0.152
None
500
37

2:i5; 1014

7.24.2 SfJLlJ81LITy~TA

Substance
?icetic Acid

~,u;:~iw ~
m

Genzene Mi:~ibl~ Carbon Tetrachloride
Chlomfonn

Miscible
Miscible

Diethyl Ether
Cottonseed Oi1 Mis~d:le

Miscible Ester Gun
Ethyl Acerate Miscible Ethyl Alcohol Miscible
Ethylene 61ycol 1.3- 2.7% Glycerin 1.1 - 1.7%

I
lGO ‘ -.

0“,
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1-

1

I

I

10

.’

Substance
Rexane - ‘Ubs’nce

=W:::23 127°F
m

Mineral 011 Mlsclble - 6,5%
Paraffin wax 140-142”F 2.9 Phenol 20%
NOTE: Solubil1ty is expressed as efther complete mfsciblItty or that percent

which is soluble.

7.24.3 f#ITERI~’ C()~ATIBILI~

7.24.3.1 EFFECT ON METALS. This solvent can be used to clean most metals,
however, the mom reactive IIEtalswi11 cause solvent decomposition if there
is any free water in the system. Such metals would include zinc and magnesium.

7.24.3.2 EFFECT ON PIASTICS

Effect

o

.:
0
0

:

Plastic Plastic
~near Polyet&l ene Re3in

Effect
~ypropylene Resin ~

Acetal Resin Epow Resin o
Ethyl Callulose ABS Polymer o
Polycarbonate Resin Methylmathacrylate Resin o
Polyvinyl Alcohol Polyvinyl Chloride
Polyphe~l ene Oxide Polystyrene
Ionomeric Resin TFE ~esin
101 ~lon Resin
NOTE: O - No visible effect

Exposure; Imnersfon in
point.

7.24.3.3 EFFECT ON ELASTOMERS

1 --Very S1ight effect -
1iquid for five minutes at he

o

(!
Probably not suited
solvent boiIing

Elastomr Room Tamperature 130°F
Urethane Rubber ~

L Urethane Rubber
Buna N :
Buna S
Butyl

3 1:
3

Kwalon 40 Mstheti c Rubber : 3
Natural Rubber 12 2i
Neoprene W

.— -.
0 2

Hydrocarbon Rubber
Si1icone 2: ;;
FA Polysulfide o
Fluoroelastomer 1 1
NOTE: Exposure; Immersion in liquid for five minutes at the solvent

boi1fng point. Effects are expressed as the percent of tamporasy
change fn linear dimension.
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7.25 TRICHLOROTRIFLUOROFWINE AND ACETONE AZEOTROPE

7.25.1 PHYSICAL PROPERTIES

Goiling Point at 1 atm ~: 110.5
43.6

Freezing Ptiint ~~ - -150”
-101

Liquid Oenslty at 77”F Lbs/gal 11.73
Lbs/cu.ft. 87.78
&/cc 1.406

Vapor Ps&sure at 77°F PSIA 7.35
Viscosity at 77°F CentfPOise 0.542
Surface Tension at 75°F dyneslcm 18.7
Refractive Index 1.358
Latent Heat of Vaporization at the Boiling Point BTU/lb 85.4

Callgm 47.4
flash Point None
Threshold Limit Value 10::,
Kauri-Butanol Value
Dielectric Constant of the Liquid at 75°F 5.9
O.c. Reststivity Otmym 10B
+

7.25.2 SOLUBILIIY OATA

-id - %z~ster Resin =
Cellulosic Ether Resin 10- 15% Chloroform Miscible
Cottonseed Oil Miscible Ester Gun 14%
Ethyl Acetate Miscible Ethyl Alcohol Miscible
Ethylene Glycol 1.6-3% Lube Oi1s Miscible
Malei:&yd-Modi fied Rosin Methyl Alcohol

50%
Miscible

Mineral 011 Miscible
Paraffin Wax 123-127”F 3.4% Paraffin Wax 140-142°F 1.6%
Phenolic Thersnsplastic 50% Polyisobutylene Resin 5%
Polymerized Rosin 50% Propylene Glycol 1.4- 2.9%
Silicone Oi1 200 Centl. Miscible Silicone Oi1 1000 Centi. Miscible

7.25.3 MATERIALS COMPATIBILITY

I

7.253.1 EFFECT ON PIASTICS
.

Wnear Polyethylene Resin~ Wypropyl ene Resin ~
Acetal Resin Epow Resin
Ethyl Gellulose 4 ABS Polymer 1
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F!lastic Effect Plastfc
-onate Resin

Effect
~ ~-ethacrylate Resin ~ -

pOIYVfnyl Alcohol Polyvinyl Chloride
Polystyrene 2 Ionomeric Resin o

TFE Resin o 101 Nylon Resin o

NOTE: Exoosure~ Imnersion in liould for five-minutes at the solvent
bo~ling pofnt.
O - No vfsfble effect
1

2- Compatibility should be tested
- VeW S1fght et%ct 4 - Dlslntegrated or diSSO1ved

7.25:3.2 EFFECT ON ELASTOMERS

Elastomer Room Temperature
diprene C v

Adiprene L 1
Buns N 1 ;
Buns S
Butyl i :
Hypalon 40 Synthetfc Rubber 3
Natural Rubber : 4
Neoprene Ii 1 2
Nordel
Si1icone : 1:
NOTE: Exposure; Irnnerslonin llquld for ?ive mlnutes at room and bof1ing

temperatures. Effect 1s expressed as the percent of temporary
change in 1inear dimension.
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NOTES ON TABLE HEADINGS: Table 7 - 22 (Con’t)

Most of the headings in the table are self-exolanatorv but a few mav
need further clari~ication.

. . ..

EVAPORATION RATE
The rate 1isted is not an absolute value but is based upon the evaporation
of Carbon tetrachloride under a particular set of conditions. The relative
rates wi11 probably be similar under other conditions. However, the value ,.

listed in the table should be considered only as a guide.

COEFFICIENT OF EXPANSION
In nmst cases, the coefficient shown in the tables is the change in liquid
volume at 680F. For the fluoronated~drocarbons and a few others it is an
average‘over a range from 20°F to 100 F. The coefficient dces not change
much with temperature and the values 1isted can be used for ambient. Calcu-
lations are made upon.a volume per volume basis. V2 = Vl(l+m t) where m is
the coefficient of expansion.

TOXICITV, MAC
Threshold 1imit values, (sometimes called maximum allowable concentrations),
are recommended by the Anerican Conference of Governmental Industrial Hygien-
ists and are based upon the best available inforinatiosfrom industrial exper-
ience and experimental studies. They should be used as a guide.

I

I
I

I

I
l.-

,.

‘*
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I 8. Verifica~ion of Cleanliness

While all possible attention may be devoted to the methods and
solutions for cleaning if the results cannot be evaluated, the
precautions taken in cleaning are useless.

I Just as there are numerous cleanlna agents and solutions. there
are also many means of determining surface cleanliness, and no
one method Is the answer to al1 situations.

Basically, all cleanliness verification methods fal1 into two
bread categories of measurenmt, the direct and indirect methods.

8.1. Direct Cleanliness Measurement

The direct test measurement of cleanliness
contamination remaining on a surface after
only real test for c1eaning effectiveness,
vary widely.

measures the amount of
c1caning. This is the
but the results will

I 8.2. Indirect Cleanliness Measurement

The indirect measurement concerns itself with the amount of soi1
removed from a surface, or the effect of an irregularlty or blemish
after cleaning, (fe., In 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 - Exemination with the unaided eye or with
a microscope. Character stics or Limitations: Subjective, but
widely used, the visual method is most effective with particulate
matter, and least effective with invisible films. A trained
micmscopist wi11 Increase the accuracy of the test results.

188
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8.3.2. Tissue Paper or White Cloth - The surface Is wiped
with a piece of cloth.or tissue and grease or other soils WI1l
be observed. Characterlstics or 1Imitations: Llmited strictly
to visible soils, this is a relatively insensitive test.

8.3.3. Water Break - Generally used after the last c1ean
water rinse. ilnybreak fn contlnuity of the rec&ding water
film 1s observed as water drains off the part. Characteristiccs ‘
or limitations: an excellent qualitative test for hydrophobic
soils; however, any contaminants in the water will lessen the
sensitivity of the test. Using deionized water, a trained inspector
can detect one molecular layer of contamlnant.

8.3.4. Atomizer - The surface is dried and water is applied
as a spray wit~6iizer. The droplet pattern with the
advancing contact angle is observed to determine the surface
cleanliness. Characteristics and 1Imltations: (hly sensitive
to hydrophobic SOflS. The results are affected by spray time,
nozzle-to-part distance, atomizer air pressure and the ambient
temperature. This method is 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 1ight beam is directed Into a
water droplet on the surface of the part. The angle of the
reflected 1Ight ray indicates the contact angle or angle of incidence.
G,nater contact angles indlcate 1arger amounts of cont~i nation.
Character sties or 1imltations: Effective only on non-wetting
or hydrophobic soils.

8.3.6. Rin testa t ~- A dropl te of water on a surface “tension
ring tester Is repea e y 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 wettabf1ity.

8.3.7. Radloactlve Tracer - A specific quantity and com-
position of tagged synthetic soil Is applied to a test surface.
After the part is cleaned, the part is monitored for residual
tracer activity. Character stlcs or 1Imitations: “This is prlmartly
a”test of cleaning method efficiency, not surface cleanliness.
The test involves the statistlcal treatment of data; it is a
highly sensitlve and quantltative test.

‘ ●

I
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8.3.8.
Inplace bya -. ___
In the rate of evaporation of the solution is-measured
indicative of the soi1 concentration. A stream of dry

Radiochemical -
small amount of

A surface contaminant is
radiochemical solution.
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dissolved
The change
and is
nitrogen

is passed over the soluti.onto standardize the evaporation rate.
Characteristics or limitations: quantitative results are obtainable
if the type of contaminant is known and calibration curves are
constructed for use as standards. The sensitivity and accuracy
of this test is sacrificed if the test surface is porous or
absorbent. The variables include rate of solution, ambient
temperature and pressure, rate of nitrogen flow, and the 1atent
heat of vaporization of the radiochemical.

8.3.9. Gravimetric - A test piece is weighed before and
after cleaning, or the soil remaining from the evaporated cleaning
solvent is weighed. Characteristics or limitations: while the

Ii
resul s wil1 show good sensitivity in the neighborhood of
5X10- gm/rJn2,they are more a measure of the cleaning system than
the surface cleanliness.

8.3.10. Ferroc snide Paper - The paper is immersed in a
solution of NaC ,

+)
6 in water and dried. The paper is

moistened and place on the cleaned metal surface, then removed
and rinsed in clear water. Clear areas on the paper are caused
by sol1 on the metal surface. Characteristics or 1imitations:
1iqlted to ferrous metals.

8.3.11. Copper fip - The clcaned metal panels are dipped
in an acidic copper su fate Solutton. Characteristics or 1imitations:
adherence,.continuity and ap earance of the copper SU1fate indicate

!thecleanliness of the part. efore the test. Limlted to ferrous
metals; requires an experienced operator.

8.3.12. Solvent Rin~ - A drop of solvent is repeatedly
deposited and p]cked up fkom the test surface. It is finally
deposited on a quartz or glass slide and dried. If contamination
is present, a ring wil1 form on the $1ide. Characteristics or
1imitations: pennits subsequent soi1 identification by spectroscopy.
~sumes the use of high purity solvtint.

9’

8.3.13. Solvent Monitoring - After each cleaning step, the
used solvent is filtered thrwugh membrane fi1ters and examined for
levels op particulate contamination. The nonvolatile residue is
also monitored. Deionized water rinses are nmnitored for resistivity
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if Ionic cleaners are used. Character stics or 1imitations:
connmnly used for indirect measurement which assumes that the
part is c1ean if the solvent no longer removes contamination.

8.3.14. IridiumAdhesion - The tip of a freshly broken
indium rod is forced against the cleaned part surface with .a force
of 10 grams. The force is rnaintalned for a period of 1ess
than,1 to 5 second. The rod is then removed from the surface and
force-time characteristics and recorded. The coefficient 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. Characteristiccs or 1imitations: adaptable for
production testing; it is a sensitive direct test. The coefficient
values must be established for different soi1s and substrates.
This test offers rapid feedback of test data, but the test surface
must be accessible to the iridiumtip. s

8.4. ASTM Test Methods

The fol1owing are some of the cleanliness test methods established
by ASTM:

F 21-65

F 22-65

F 24-65

F 59-65T

F 52-65T

F 58-65T

F 60-65T

Test for Hydrophobic Surface Films by the Atomizer
Test

Test for Hydrophobic Surface Films by the Water
Break Test

Measuring and.Counting Particulate“Contamination
on Surfaces

Identificationof Metal Particulate Contamination
Found in Electronic and Microelectronic Components
and Systems Using the Ring Oven Technique, with
Spot Tests (tentative)

Test for Si1ting Index of F1uids for Proce$atn
iElectronic and Microe}ectrtmic Oevices (tentat ve)

Measuring Resistivity of Electronic Grade
Solvent5 (tentative)

Oetection and Enumeration of Microbiological
Contaminants in Water Used for Frocessing
Electronic and Microelectronic Oevices (tentative)

D 1901-61T Tests for Relative Evaporation Time of Halogenated
Solvents and The~r Admixtures ..

.
D 2?09-64 Tests for Nonvolati1e Matter in Halogenated -

organic Solvents and Their Admixtures
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9. MICROBIOLOGICAL CONTAMIM4TION

M~crobiological contamination may be defined as the existance of viable
microorganisms, on, or around objects or materials. Microbial contamination
is simi1ar to other types of contemination in that it has mass and volume.
It 1s different in that it has the abi1ity to reproduce, to survive
adverse conditions and to perfosm physica~ and chemical processes.

For some of the functions of microbiological contamination control,
it is not necessary to be a.microbiologist; a basic.knowledge of the
subject wil1 help one understand the complex nature of this form of
contamination. It is-advisable that counsel fmm a trained microbiologist
be obtained in establishment of a micmbiol ogical 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 Bacteria, What are They? How Many are There?

The microorganisms may be divided into seven basic groups; Algae,
Prqtozoa, Fungi, S1ime molds, Bacteria, ‘Rickettsiaeand Viruses.

Bacteria are the simplest form or group of non-green vegetable organisms.
There are 1iteralIy thousands of varieties of bacterla.

9.1.1

9.1.2

9.1.3

~~rentiated tissues, simple sex organs and stmple
micmscopi c plants that contain chlorophyll1 and have

containers for spores or seeds.

●

Protozoa - may’have evolved from the algae by 1oss of
-yl 1. The most primitive have flagella (whiplike
appendages) which are used for locomotion, they are one-
cel1ed and, unlike plants are non-photosynthetic (cannot
use 1ight as a catlyst to synthesize carbohydrates fmm
carbon dioxide and water).

- the most prlmitfve types store glycogen rather than
=, thus they come from the protozoa rather than the algae.
They are non-photosynthetic, with cel1 wa.11sand usually
grow a mass of interlacing fi1aments cal1ed mycel1ium.
These fomns are called molds. Fungi are 1arger than bacteria
and have vacuoles, (clear spaces in the cel1s). Some move
by streaming; they may have three or four different methods
of reproduction.
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FIGURE.9-1
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9.1.4. Slime Molds - characterized by a multinucleate mass of
protoplasm called plasmodium. They can gruw to produce
swarm spores or amoebas before dividing and growing into
typical plasmodia again.

9.1.5. Bacteria - minute unicellular plants which do not contain
~yll. They reproduce by binary fission. They
vary in size.between 0.2 and 5 microns in diameter and
0.5,and 10 microns in length. Their shapes vary from
round or spherical to rud shaped, some are cotmna-shaped
and others are found in a corkscrew configuration.
(Figure 9.1.)

The construction of the bacteria cel1 is composed of cytoplasm,
a cytoplasmic mmbrane and a cel1 wal1; and it often contains
granules or vacuoles (Figure 9.2). The cell is usually surrounded
by a slime layer or capsule. Some bacteria are moti1e due to the
presence of one or more flagella.

Certain bacteria form spores (baci11i) when conditions are favorable.
Most spores are highly resistant to heat, disinfectantsand
drying.

T’hegrowth rate of the ve etative bacteria, under ideal conditires
t(nutrient, temperature an, moisture), may be as short as 15

minutes. This occurs in the logarithmic phase of growth and
1asts for a matter of a few hours, during which time, the population
doubles every 15-20 minutes.

9.1.6. Rickettsiae - are a group of microorganisms which
Ilve 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
-of the electron microscope. TheY cross the
areas .ofanimal and bacterial types, from particles
which seem almost purely chemical (such as the
ribonucleoprotein ‘tobaccomosaic‘) to the more
complex forms such as the psittacosis virus. They
propagate only within living cells.

9.2. How are the Bacteria Classified?

There are a large number of different catagories. for examPle:

Autotrophic - gmw in the absence of organic matter, bui1ding
-.

-.
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I their food frum simple inorganic matter.

“_lr food from living matter and cause disease
- get thelr food from organ~c matter. Those

are known as pathogens. Those which 11ve on dead organlc
matter are known as saprop~tes.

,

I Additionally, 1nstead of c1assifying by food source, classification
can be made according to the organisms oxygen requirements. The
aerobes, which need air or free oxygen, and the anaerobes, which do ,I not.

\

9.3. What is the Bacteria Life Cycle?

During the phase insnediatelyafter an organism is placed in a
CU1ture, there is a 1ag period where there is an increase in cel1
size without any change in number of cells. Then follows a
period of maximum growth, which is shown geometrically as a logarithmic
curve. They then enter a stationary period in which their death
rate is as rapid as their growth. The final stage is reached
when the growth rate declines and the death rate increases.

~ 9.4. How can Microorganisms be Seen?

The 1imit of each type of microscope is determined by the wave
I length of the beam used for scanning. The normal liqhtm~j;~cp

can only be used with particles greater than about 0 z
diameter. The ultraviolet microscope goes down to .i micron while
the electron microscope fl go down to the range of .022 micmn,
showing the viruses and the ~‘innards’ of bacteria.

9.5, How are Bacteria Counted?

There are several systems, but what is erhaps the simplest is a
!darkfield colony counter on cultured co onies. This device is

simply a four-to-eight power 1ens system set so that when a petri
dish culture is laced on the rack, no light waches the eye

!unless it is ref ected by a particle in the dish. This makes
particles which are normally hard to see, visible to the eye.

A similar counting method is used with a microscope at about 10OX
magnification with phase contrast. With this method, the individual
bacteria can be counted, as opposed to the darkfield method in
which the number of specks are counted within a given grid. Electronic

I counting devices are also available which wi11 count the particles in
I a suspensIon.

*
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9.6. What are Spores?

Certain bacteria, almost excluslvely belonging to members of the
bacillia family (rods), may be spore fonners. That is, each cell
may form a spore when conditions are favorable for the growth of
the spore. Spores are metabolically inactive; they can withstand
prolonged exposure to ~oi1ing and sti11 remafn viable, some for
decades. It is one matter to kill a spore former, but it is quite
a different problem to kill the spore itself.

9.7. What is Stainfnq?

Staining is a technique used to make bacteria stand out frum their
backgrounds for easier identiffcation. Bacterial cel1s are rich
fn nucleic acids, wtth the~r phosphate groups bearing negative
charges. .E.G.a basic stain is used (one having colored cation
posftfve charge), it wi11 attract the anion (negatlve charge);
the bacteria wi11 comblne with the basic dye and take on fts color.
The background can also be stained using an acid dye with a colored
anion.

9.8. Gram Stafnfn~

A process of identifying roups of bacteria by staining, using a
basic dye (crystal violet!. Iodine is added to the solution and
the bacteria wf11 appear blue. When a?cohol fs further added to
the solution, some of the bacteria wi11 remain blue and some wi11
be dpcolorad by the alcohol. The bacteria are then stained with a -
red dye, those which remain blue are known as gram positive and those
which are red are known as gram negatfve,

9.9. Chmmvsomes

Chromosomes are composed of deo’xyribonucleoprotein; they duplicate
themselves prfor to ffssfon of the organism and each resultfng cel1
recefve a duplfcate or fdentfcal set of chromosomes or genk.
There may be a change in this process once in a 100-millfon cell
division, where a dffferent gene structure is passed on to the new
cel1. TMs occurance is known as a mutation.

9.9.1 Mutation

A mutation is a permanent, inherited than e in the organism
Rcaused b an alteration of the genes in t e organism. Mutation

Ycan resu t when the chromosomes reproduces itself and there
is a cop ing error.

i
It can be spontaneous, or it can be

induced y such factors as X-kaY, ultraviolet rays, or cobalt

,.
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9.10.

emission affecttng the nucleus, which is
and DNA.

comprised of protein

Mutation can result in a strain of organism which is resistant
to bactericide 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 wi11 find a way to metaboliZe
around the specific block established by the antibiotic or
germicide.

The resistant strain of organism poses a problem 1n contamination
control where steri1ity 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.

Do Bacteria Effect Cleaninq Materials7

Very 1ittle is known about the effect of bacteria upon cleaning
materials; however, it 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 tolcrate, there should be at least one
or two types of microorganisms that wi11 eventually attack any
given solvent, cleaning solutlon or material. There are many well-
documented cases of microbial’contamination of jet fuel and other
hydrocarbons, cutting oils, etc.

Microorganisms can uti1ize’the hydrocarbon as a food sour~e.
They are capable of breaking down even the long chain hydrocarbons,
thus changing the chemical composition of the solution. Qacteria,
fungi and.yeasts have been found to be responsible for the majority
~~1~~i nation cases surveyed. They may occur in pure or mixed

. Normally, in the most severe cases, several different
species of microorganisms are involveal.

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 steri1ization of the system.
The contaminating organism may reestablish itself 1f adeguate
preventive measures are
the most cost effective

not taken. Filtration (0.2 mic~n) is
means available as a preventative measure.
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There are other which have proven equal1y effective such as hot
storaae with continuousrecirculation (160”F or above). The
solut~on is a trade-off of cost ~. process and water”temperaturesI

I used at any specific plant or cleaning station.
I

I Keeplng the foregoing in mind, if a cleaning process that has
I proven satisfactory suddenly “goes sour”, 1t would be wise to check
1- for mlcrobial contamination.

TABLE 9-1
la Environmental Extremes of Microorganisms

Factor

Temperature

Eh
pH

● Hydrostatic
Pressure

Salinity

Carbon Source

Humidity or
Available
water

Oxygen

Carbon Oioxide

Lower Limit

-250”C (Survival)
-24°C (growth)
Psychmphyl ic
Bacteria

-450 mv at H 9.5
!O (Thiobaci Ii)

Essentially O (bacteria)

Double distilled
water & Oeionized
water (Hetmtropi c
bacteria)

C02, Inorganic
(Autotropic bacteria)

[
5%RH multiplication)
O%RH dormant)

O (Anaembes )

O (some aemblc)

Upper Limit

+160°C (Survival)
+104”C at 1,000 atm;
Sulfate Reducing &
Thennophylic Bacteria

+850 mv at pH 3
13 (PIectonma Nostocorum)

1,400 atmospheres (deep sea
bacteria)

Saturated Brines (Dunaliella,
Halophilic bacteria)

Complex organic compounds
(Heter@mpic bacteria)

none

100% (Aerobic Bacteria)

100% (Anaerobic Bacteria)

I
I

I

a
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9.11. Do Microorganisms Effect Hardware

Microorganisms can 1ive and reproduce in what may be considered
harsh environments. They may use almost any organic matter
as a source of food, therefore, any organic contaminant or hardware
containing organic materials (plastics, paper, paints, inks etc.)
is a potential host for microbial growth. Some types of organic
materfa~s are less susceptible than others; dense plastics
are more resistant to attack than cel1ulose products. Al1
paper products (cellulose) are prohibited in military electronics.

Microorganisms are known to attack and deteriorate insulation,
circuit boards, phenolit-wax components, phenolic rubbers and
fuels. They uti1ize 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 in 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 microbial
contamination is man himself. Some individuals will shed as
many as several mi11ion organisms per minute into the air.
Physical contact, durlng improper handling, can deposit both
organic and micmbial contamination and is probably the most
serious source of mlcmbial contamination.—

to cause serious
deionized water.
one bacterium in
a series of them
(Figure 9-3)

9.13. Detectton

Contaminated solvents or cleaning agents have also been known
problems. The most notable“is contaminated
In the manufacture

the wrong place can
if it is located on

and Prevention

of integrated circuits,
ruin a component or even
the photographic mask.

The detection of microbial contamination has usuallY taken place as
the result of a product or system fai1ure. This need not occur if
proper controls are exercised. Microbial contamination can be detected
and prevented in any stage“ofmanufacture or work. Yowever, a trained
microbiologist is required to determine the source and prescribe
the necessary steps to eliminate the micmorgani sm.
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TABLE 9-2
quantltative Dlstribution of Microorganisms

Environment

Ultra-ciean air

Clean alr

Dirty air

Stratosphere

Water

Human skin

F100rS

Raw ml1k

Plant surfaces

Sofls

Ocean sedfment

Sewage

Human feces

Numbers of Mlcroorganlsms/Unit of Measure

o-1 Ft3

1 -10 ‘ Ft3

103- 105 Ft3 ,,

1 x 10-3 ~t3

1 104 ml

1 104 fnz

10- lo~ fn2

103-105 ml

103- 106 w

104- 107 w“

105- 107 gm

106- 107 ml
.-108- 101O gm

o
i
n
c
h

FIGURE 9-3
Relationship of a Machined Surface and Organfsms

43-~o~+’ Streptococcus (8acteria)

Psittacosis
o

(Virus)

Normal surface

~ Influenza u

Poliomyelitis “
_ Foot & Mouth Oisease...—. .
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10. CONCLUSIONS AND RECOMMENDATIONS

The sheer volurneof 1nformation COTlected during this study effort
makes a concise sumnary 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 clcaning agents can be
safely used with most”of the more cotnnonmaterials of construct on.
This is true provided that the solvent.is monitored for acid, water or
chloride buiid-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 metallies 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:”necessfty.

Some of the more reactive metals pose problems because they corrode
readfly in some of the cleaning solutfons. Herd again testing prfor
to use iS an absolute necessity.

We found in the course of the study that, of the information which ‘
is now avai1able on many solvents, data is sti11 much to be determin-
ed, especially in the area of compatibility.

We recomnend that several areas of research be consfdered for the future: o

Detennine: (a) Compatibf1ity of solvents and clcaning agents
metals and (b) compatfbi1fty of solvents and clean-
ing agents with elastomers, rubbers and plastics.

The compatib~lity’of.solvents:can be:tested in,various wgys: Reflux
exposure; exposures at both ambfent and elevated temperatures;
exposure to 1iquid vapor and condensate phases of the solution.
Impact sensitfvfty testing wfth metal fines and chfps and, wfth
oxidfzers such as LOX and missile fuels. Stress-corrosion studfes
should be performed to examine both crack initiation and propaga-
tion. Exposures at varying poser levels. Each of these studfes
should be performed at varing pH levels from acid to alkaline and
with varytngwater contents. This is necessary to determine the
maximum tolerable working 1imits of each of the solvents.

●

t

.-.

A compilatfon.,ofas many’soi1s, 1ubrlcants and other 1fqufds as
possible should be made and testing should be,performed to detennine
the extent to which each of these Is miscible with each of the
solvents.
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I The objective of thls proposed study is to assemble a block of 1nformaticn
on each of the solvents that would cover as many cleaning and exposure
conditlons as possible. Such a listlng would allow the designer, engineer
and production personnel a means for rapid determination of solvent
choice.,.

In the absence of such documentation, our recotnnendationmust be that
1. each new cleaning process and each new material to be cleaned must be
1. tested for feasibility, suitability and compatibility.
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11. GLOSSARY

Absorb To engulf wholly; to take In and 1ncorporate; assimllate.

Adsor tion Adhesion of the nmlecules of a gas, llquid, or
-substance to a surface.

Aqqlomerate The combining, jolnlng, clumpfng, or clustering of
two or more parttcles of nwtter by any means”:

Air Lock A chamber with doors functioning to maintaln pressure
~tial during entry to and exlt from a contatntnation
controlled area.

Alr Shower A chamber WIth interlocked doors and equipped WIth an
exhaust system, having ninnerousalr nozzles arranged in a pre-
determined pattern, for the purpose of forcible removing loose
particles, flhers, dust and other partiCU1ate matter from the
person and garments.

tiient Conditlon Envimnments such as pressure, temperature,
humidity,”etc., which a~ normal for one specific location.

Clean Room A clean room is an enclosed area pmvi ding control over
the particulate matter in its air with temperature, humidit:, and
pres~ure controlled as requiled. To meet the requirements ef
classification as a “clean mom, ” it must meet the airborne
particulate count as specified in Fed. Std. .209,Paragraph 6.1.3,
or other specified staisdardas a minimum.

Clean iness Level An established maximum allowable distribution of
contamlnation of a size or quantity in a stipulated area or .volume.

Clean Work Station A work bench or similar working enclosure char-
acterized by having its own filtered air or gas supply. The fi1ters
myst be capable of pmvidi ng the required air cleanliness level.

Component A series of two or more parts, subassemblyies, assemblies,
or any combination thereof, which in turn becomes a PIece of
funtional equipment or assembly.

Cent minant (contamination) Any undesirable material in or on the
& interest.

● ’

! ,,

tintaminate To make impure or unclean; to pollute, defile, sully,
taint, said of something dirty; soi1, the act of introducing anY
unwanted material.
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Environment Al1 the condftfons, cfrcumstances, and fnfluences
surrounding and affectfng the temperature, humidity, alr cleanliness,
pressure and mfcrobfali and ~1luminatfng condftlons associated WIth a
specfffc locatfon.

~ A p~rtfcle whose length is at least ten times Its wfdth.

Ffrst Afr The air which ,fssue.sdfrectly from the HEPA ff1ter.

Ftrst Work Locatfon The work Iocatjons that js fjrst in the path
of alrstrer.m.

F1ush A rinsing cleanlng action applfcable to a part component,
-m, etc., which employs a liquid as a medium.

flu~ A substance, such as borax or rosfn, used to help metals fuse
~gether (as a soldering),

~ A state of matter in which the molecules are pareticallyun-
restrlct,edby cohesfve forces. A gas has netther shape nor volume,
and fn fonp fs neither”liquid nor solld.

Hfgh Efficiency Partlculate Alr Fllter (HE Ml1-F-51068A Specifies
Iters wfth mfnf~um efffcfency of 99 97% etermfned by the honxw

geneous 00P @hod at alr flows of 106% and 20% of the rated flow
capacfty of the fi1ter. It is referred to as the HEPA fi1ter.

Horizontal Lamlnar Alr Flow Clean Room A room equtpped wfth one
entlre vertical wall of kfEPAfilters, ‘throughwhfch the afr passes
at a oredetennined speed to an exhaust wal1 dfrectly opposfte the
HEPA fi1ter wal1. The’entfre body of afr moves horizontally across
the room wfth unfform velocfty along essentfally parallel flow lines.

Hydrocarbon “A chemfcal1y fndentfffable compound of carbon.and hydrogen.

Lamfnar Afr flow Afr flf.kwfn which the entire body of afr wfthfn
a conffned area nmves wfth unlfonn velocity along parallel flow
?fnes and wfthout turbulence.

Lamfnar Afr Flow Clean Work Statfon A work station In wtiich the 1aminar
afr t(OW characteristfcs predominate throughout the entlre alr
5P.3ce,wfth a mlnimim of eddies.

Laminar Afr ~ow Room A room In which the laminar alr flow char-
acter stfcs predominate throughout the entire air sPace, with a
mfnimum of eddies.

Lfght-Scattewinq A teclintguefor detectfng, counting, and sizfng
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fluid-borne partlculate matter passing through hlgh intensity light
beams, the distorted light beams”being converted to electrical
fmpulses by a photomultlpl1er tube and registered on appropriate
acwnters and recording devices.

!@@ A state of matter in which the molecules are relatively
fme ‘& change their positlons with respect to each other but are
restricted by cohesive forces so as to maintain a relatively fixed
volume. ,

htembraneFilter Porous membrane composed of pure and biologi’cally
Inert cellulose esters, polyethylene, or other materials.

Microbe An organism of microscopic or submicroscopic size, generally
_ng viruses, rickettsiae, bacteria, algae, yeast, and molds.

Mtcron A unit of measurement equal to one millionth of a meter or
approximately 0.00003937 inch (e.g., 25 microns are approximately
0.001.tnch.)

Non-Leminar 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-ikminar Flow Clean Room A room character zed by non-uniform
alr tlow patterns and velocities.

Na@Jolati le Residue (NVR) Soluble or suspended material and in-
soluble partiCU1ate matter remaining after temperature controlled
evaporation of a filtered,volatile liquid, usually measured in grams.

- Oesi9natin9 any chemical compound con~ining carbon.

~-fice A fixed restriction in a fluid passage that establishes
~e of fluid flow.

Oxide A compound of oxygen ‘uith some other element or WIth a radlcal.

Oxfdizer A substance that supports the combustion reaction of a fuel.
I

Partfcle A pfece of matter with observable, length, width, and
I ~s, usually measured fn microns.

Particle Counters Automatic electronfc devfces 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
inear dimension or diameter of the particle. The 1inear dimension
is implied unless othetwise specified.

PartiCU1ateMatter The general tenm applted to matter cf miniature
sIz?, with observable length, width, aod thickness that contrasted
to non-partlculate matter without definite dimension.

Plenum ‘An enclosed space in which the pressure of the air is greater
mat of the outside atmosphere.

.,

That cleaning which is accomplished outside of a controlled
me purpose of removing gross contaminants, such as rust.
oxidation, grease oi1, heavy scale or soil deposits in an effort $n
control the anmunt of contaminating matter brought into the clean room
zone, Thls term is ~nonymbu’s Mith rough.cleaning.

Purge TO flow an inert qas or system media through a system (or line
- etc.)for the fsurooseof ridding the system of a residual fluid
or for provldlna a positive flow of gas fmm some opening in the system.

Sflt Particulate matter settled from fluid, :genera.llyin particle
~ rangegreaterthan O.5 mfcmn.

WtI;fy Mi;ccmd ‘tfa on of mfnute particles, In the size range
counted, but of sufficient quantltY to causea h- or

partial or;complete obscurfnq of efther grfd 1fnes or any portion
of the artd on a test ftlter ~mbrane, when vfewed vfsually’or
under 40 power (maximum) maanfffcatfon.

—
Solfd A state of matter fn which the relative nmtion of the molecules
fistrf cted and they tend to retain a definite ffxed positfon
ml attve to each other. gfving rfSe to Crystal StrUCtU1’e.

S stem AnY comhinatfon of parts, assemblfes, and sets joined
@er to ~erform a speciffc operational functfon or functfons.

Test Examfnatfon, fnvestfqatfon, and evaluatfon of fnherent properties,
~tf onabf1fty, env.fmnmental reactfon, variances and relfabf1ity of
any nmduct, system, sub-system, vehicle, equfPment assembly, Parts
materfal, and process.

Vertfcal Lamfnar B.irF1w Room A mom eouiped With a cet1tn9 of HEpA
~ ters, wtth-a grated or Perforated metal floor for the exhausting
of the afr fssufng fmm the ceflfng filters; the afrflow is vertfcal
and nuves wfthfn the walled area along essentially parallel lines at a
unfform velocity.
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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 in Clean Rooms and Controlled Environments~
pecification for: American Association for Contamination Control;

‘1968.

“Gemini Fuel Filtmti on Solved:” L.A. Mavrcs; Missiles and Rockets;
Volume 17, mumber 5; August 2, 1965.

Genesolv D: Allied Chemical; Product Information Bulletin STB-6.

Genesolv D/Alcohol B1ends: Al1ied Chemical; Product Information
Bulletin STB-7.

Genesolv DI-15: Al1ied Chemical; Product Information Bulletin STB-8.

Genesolv 01: Al1ied Chemical; Product Infommstion _Bulletin STB-9.

HEPA Filters, Tenative Standard for; American Association for
contamination Control; Designation CSIT. Handbook of Chemistry
and Physics, 46th Edition (1965-1966), .-ChemicalRubber Publishing
Company. ,TheHandbook of”Solvent, L. Schefl~anand_~..@,Jacobs,
D’:Van Nostrand Company, Inc.{1953). .Handbookof Solvents,
1, Pure Hydrocarbons, I. Mellan, Reinhold Publi
0957 ).

shlng Corp.

Human Engineerinq Design Criteria for ~ilit?ry Systems, Equipment
and Facilities: Proposed Mi1itary STD-1472A; 21 March 1969.

Hydraulic System Detai1 Parts, Components, Assemblies and Hydraulic
F1uids for Space Vehicles, Clcaning, Testing and Handling:
krshal 1 Space F1ight Center PROC 166C; September 3, 1967.

[mgact of Rule 66 on Industry: Society of Automotive Engineers; 1967.

Industrial Plastics: United Stated Plastic Corporation; Product
Catalog.

“Inorganic Contaminants on the Corrosion of Metals in Chlorinated
Solvents, Effect of:” J.J. Demo: Corrosion; Volume 24, Number 5;
hky 1968.

ISOPt’OPylAlcchol:, Enjay Chemical Comapny: 1961. International
~rltical Table, McGraw-Hi11 Book..COmPanYs Inc. 1933.
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Isotron M Solvent: Penwalt Corporation; Product Information
hmchure Ic-104.

Isotmn PSC Solvent: Penwalt Corporation; Product Infonnation
brochure IC-114.

Isotron Solvents, Recovery of: Penwalt Corporation; Product
~nfosmation Brochure.

Isotron Solvents, Samplinq and Analysis of: Penwalt Corporation;
Product Information Brochure.

Isotmn Solvents, U1trasonic Cleaning with: Penwalt Corporation;
product Information Brochure IC-108.

Isotron T Solvent: PenWalt Corporation; Product Information
hmchure IC-103.

J&etonesInformation Book: Enjay Chemical Comapny.

Laminar Flow Clean Air Oevices, Tenative Standard for: American
h7i2T .

“LOX Cleaning:” R. Cuthbertson; Test Engineering; March 1963.

LOX System and Component Cleaning with Trichlorotrifluomethane
3olvent:
~and”Chp~~ (~NC”.).

Product ivision; E.I. DuPont Oe

Membrane Filters for Use in Aerospace Liquid, Oeterminati ,nof
Characteristics of: ASTM.

Metal Cleaninq Equipment: Phi11ips Manufactureng Company;
General Bulletin 20.

Merix-Anti-Statics: Merix Chemical Company; Product Information
Brochure.

Metal Oeqreasinq with Chlorinated Solvents: E.1. DuPont de
Nemours & Company, (Inc.).

Methyl Chloride: Chemical Safety data Sheet SD-40; Manufacturing
hemists Association; 1951.
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~ Ethyl ‘Corporation;Technical Bulletin Number

Methylene Chloride: Chemical Safety Data Sheet SD-86; Manufacturing
hemfsts Association;1962.

MethvleneChlorfde: the Dow Chemical Company; Product Information
brochure Number 4-182-65.

Methylene Chloride: PPG Industries Inc.; Product Information
Brochure Number 6fi.

Methylene Chloride: Ethyl Corporation; Technical Bul1etin
Number 1~ .

Mfcrobial Accumulation on Surfaces in Industrlal Clean Rooms: H.
~indelsteln and R. Scheir Douglas Aircraft Company; and J.J.
McDade Jet Propulsion Labs.

Microbial Oeterforation of Electronic Components, Progress Report on:
G.If.,Ganger, et. al. September 30, 1964.

Microbial Particles, Air Filtration of: U.S. Department of Health,
Ehscat on an~ c Health Service and the Department of
the Army; U.S. Amy Chemical Corps.

Micmbf al Surface Contamlnatfon In Various Clean Room Environments,
Prelimfnary Investigation of: K. Kereluk, R. Meyer and A.J.

Pi1grfm; me Goetng”company.

Micmbiologi cal Contaminateon Control-A State of The Art Report:
Contamination Control

As~oci~t!~ncfor Contimination Control; firilef9;5.
he American

Microbiological Contaminateon of Fuels, ComPilation of References
on : Asmed Forces Technical Information Agency.—.

Micmbiologi cal Samplinq of Surfaces: Biological Contamination
Control Coimnittee; The American %soci ation for Contamination
Control; March 1967.

Organic Solvents: Central“Solvents and Chemfcals Company;
Product Information Brochure.

Oxidation and Contamination of Titanium and its Al10YS, The:
J.M. Ferguson; Oefense Metals Informatfon .Center,Memorandum
238; July 1969.
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Packaging of Aerospace Hardware, Films vs. Foil for Clean:
Corporation;

M~e~in~;e~r{can ~socl~i~ for Contamination C~;~Wl.
Technical

Packaqing Procedures for Precision Cleaned Parts and Assemblies:
)40rOttaValve Corporation; SP-601-C.

Particle Dete~tion in Electronic Components, Loose: K.E.
Rofmockel; General Electr.ic Compaqy.

Particle Size Distribution Quickly, Detennining: D,O. Ooonan,
. . Marrett; Bausch Lomb, Incorporated.

Perchlorethylene: PPG Industries,“Inc.Technfcal Servfce Bul1etfn
umber 741-F-1.

Perchlorethylene, Ethyl Corporation; Product Infonnatfon
Brochure Number IC

pH: An Introductfon To: Beckman BulIetin 92-1.

‘?lastfc Materfals that may be useful fn various corrosfve
Environments, Cleanfng:” Chemical Engfneerfng: November 4, 1968.

: Fifth Annual Technfcal Meetfng and Exhfbit;
-soclation for Contamination Control; 1968.

Ei hth Annual Technical Meetfng and Exhlbft;~oc:nqs; , g,
oc at on far Contamination Control; 1969.

Proceedfngs of the NASA-University Conference on the Scfence and
~echnology of SPace kxploration: Volume 2; ;.

Product Bulletin MN~D~ Detrex Chemical Industries, Inc.

Product Bulletfn SOT. 6407.7” Detrex Chemfcal Industrfes, Inc.

Product Bulletfn Sol. 6810.1: Detrex Ch~i cal Industries, Inc.

Product Bulletin Sol. 8.3: Detrex Chemical Industries, Inc.

Product Cataloq G-22: Pferce Chemfcal Company; September 1, 1969.

~roduct Information Brochure:” L&R Nanufacturfng timpany; 51F..26-4-N.

Product Information Brochure: L&R Manufactureng Company; 762RR-469-ION.
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Properties; Product Infonnatlon Bul1etin STB-1: Al1ied Chemical
Corporation. . ..

Product Infomnation Sheet K-6: Diamond Shamrock Chemicals.

Product Information Sheet 468: Diamond Shamrock Chemicals.

Product Information Sheet 22368: Diamond Shamrock Chemicals.

Propylene Glycol U.S.P.: the Dow Chemical Campany; Product Information
Brochure Number 125-425:6.6.

Properties of 200, 300, 400, Series: Republic Steel; Product
.Ihfonnation Brochure.

Quality by Remote f!?o.~1* Quality Assurance; January 1969.

Reactivity of Metals with Liquid and Gaseous Oxygen: J.0.“Jackson,
Mi11er; Defense Metals lnfo~tion center

li3~ ~;ua~~ lE1 i963.

caning Liquid: Underwriters Laboratoryes, Inc.;
Assigmnent 6~ 3603; September 8, 1964.

leaning liquid: Undewri ters Laboratoryes, Inc. ;
; Assignment @C3604; September 9, 1964.

leaning 1iauid: .UoderwritersLaboratories, Inc.;
; assigrsnent 4C3605; September 10, 1064.

Safe-1ee Solvent: Fine Organic Incorporated: Tecbnical !)ata
beet F.O. .

Safety Information: Penwalt Corporation; Product Information
bochure IC-113.

Solvent Decreasing, TodWs Concepts of: Oetrex Chemical
Industries, Incorporated; Product Bulletin Sol. 6412.1.

Solvent Degreasing, Mhat Every User Should WOW: C.E. Kircher;
TM Bulletin Number 219; January 1957.

‘Solvent Oxidizer Mixes are Explosive, The cou~t Down:”
Sifety News Letter; National Safety Counci1; March 1965.

Solvent Saves ‘aClean $200,000 Yearly, Aids Customer Relations,
the ght: Production; November 1966.

Solvent Specification Sheet J6: Diamond Shamrock Chemicals.
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Solvent 1,1,1-Trichloroethane,High P,n’ityInhibited: !Iarshall
Space Ig t Center Spec-~

Solvents and Chemicals: Hogan Solvents and Chemicals; Product
Information Brochure.

Sclvents for Cleaning Metal Surfaces, Comparison of: 0.S. Irwin,
T.C. Johnson;.tie i)OW chemlca1 Company.

Sohic Enerqy Cleaning Equipment, How to Evaluate: Bendix Instru-
ments and Life Sup rt Oivision; Ml letin 101. Sourcebook of
Industrial Solvents, 2. Halogenated Hydrocarbons, 1. Mel1an,
Reinhold Publishing Corp. 1957.

.; ‘

SDecification Sheet: the Dow Chemical Company; Chloroethane VG:

Specification Sheet: the Dow Chemical Company; Dowclene WR.

Specification Sheet: Penwalt Corporation; Isotron Solvents.

“Stahi1itv of Chlorohydrocarbons: Industrial and
Ch@mistry{ P.J. Carlisle, A.A. Levine; February

Staining and Discoloration in Solvent Cleaning Operation, Causes ●
= Ethyl Corporation; Technic?I Bul1etin; Form Number IC-~.

Stainless Steels, ARMCO: ARMCO Steel Corporation; Product
Information Brochure.

Steri1izationEnvironment on the Oesigr!Structural Systems
For 1anetary Landers, The ffects of the : P.J. DeMartfno,
. . Kepple, M.D. Mimi; March 191J7.

Storaqe Tanks..for Special1y Denatured Alcohol and Proprietary
Solvents, Bulk: USI Chemicals.

Stress Corrosion Cracklnq of Aluminum Al10YS: Defense Metals
Information Center Memorandum 202; February fi, 1965.

Stress-Corrosion Crackinq of Aluminum Al1cys, A review of European
Literature: Defense Metals Information Center Memorandum 240;
December 1968.

Sums Pmcessinq: Molectrics Incorporated; Product Information.Brochure.

Stress-Corrosion of TI-6A1-4V In Liquid Nitro en Tetroxide:
“~, 1966.Defense Metals Information Center Technical Note,
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Tabulation of Desfgnatfons, Properties and Treatments of
‘htanlurn.and T’Itanfurn Al10YS, A: R.A. Wood; Defense Metals
Inform tlon Center Memorandum 71, Jllly 15, 1963.

Technical Bulletfn, Bulk Handling of Ethyl Chlorfnated Solvents;
Ethyl Corporation; Form Number IC 47(529).

Technical Bulletfn: Cobehn Incorporated.

Technical Bulletfn TB 1-364: Oiamond Shamrock Chemfcals.

Technical Bulletin ES-1: Monsanto Company; Brfnk Equfpment
Line.

Technical Bulletfn Number-600b: Mona Industrfes, Incorporated.

Technjcal Meetfng and Exhfbft, Fourth Annual: Amertcan Association
for Contamfnatfon Ccntrol; 1965.

Technfcal Servfce Bul1etfn 140-G-1, Typfcal Applfcatfons for Vapor
Deqreasinq Solvents: PPG Industries Incorporated. The Technology
of Solvents and Plasticizers, A.K. Doolfttle, John Wiley and Sons,
Inc.,.1954.

Tetrachloroethylene (Perchloroethylene) Technfcal: Federal
Spec. O-T-2368; February 28, 1967.

Thermal Decomposftfon of Trfchloroe Ethyl Corporatfon;
Technfcal Bulletln }orm Number IC-1

“Thermal Stabt1ity of Methyl Chloroform and Carbon Tetrachloride,”
Industrfal and Engfneerfna Chemf.try, Volume 48LW. B. Cummett,
V.A. Stenger; March 1956.

Therml Vacuum Systems, Maintenance Cleanfng of: R.B. Ramey, Jr.;
FRFONProducts Divfsion, E.1. DuPont de Nemours & Company, Inc.;
Eugene Jackson Radfo Corporatfon of Amerfca. Threshold Lfmft Values
for 1969, Amertcan Conference of Governmental Industrfal t(ygfenfsts.

Tftanfum, Basic Desfqn Facts About: Reactive Metals Inc.;
Product Inforinetfon 8rcchure.

Tftenium, Corrosfon of: J.O. Jackson and W.K, 80YG; Defense Metals
~tinatf on Center Memorandum 218i September 1, 1968.

“Titanium - 6A1-4V in HCL and Methanol, Corrosion of:” H.H.
Takfmoto, G.C. Denault & P.A. Marsh; SAMPE Journal: Volume 6,
Number 3; April/Mey,1970.

.

Tftanium and TitanfLm Al10YS, the Stress Corrosfon aridAccelcrated
Crack Pro a ation Behavior of:~e
Metals Information center, Technfcal Note; February 1, 1966.
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Toxicology & Industria? Health Studies on Chlcroethane VG: The
b~

1,1,1-Trichloroethane: Ethyl Corporation; Technical Bulletin
Form Number IC-41(li?~.

1,1,1-Trichloroethane: Ethyl Corporation; Product Information
Brochure.’Ethyl’; Form Number XC-53(47).

1,1,1-Trichloroethane and Trlchloroethylene from a Flammability
Standpoint, The Safety of: Dow Technical and Service and
Development; June 1, 1966.

l,J,7-Trichloroethane (Methyl Chloroform) Inhibited, Vapor
Ileqreaslng: Mil. Spec. Mil-T-81533A; September 26, 1967.

Trichloroethylene: PPG Industries, Incorporated; Technical Service
mmFm71T

Trichloroethylene ‘Ethyl’: Ethyl Corporation; Prcduct Information
~(47) .

Trichloruethylene: Technical Federal Spec. O-T6346; May 26, 1966..

Tri-ethane and 1,1,1-~richloroethan~: ppG Industries, Incorporated;
Technical Service Bulletin 144-F-3.

Ultrasonic Cleaning, Fundamentals of: Phillips Manufacturing Company.

“Vapor Decreasing, Cleaning Missile Tanks by,” Metal Proqress;
Courtesy Oetrex; February 1960. ,=

Va~or”Deqreasing, Modern: The. Dow Chemic?l Company.

Vapor Deqreasinq Technoloq.v: K. Surprenant; The Dow Chemical Company.

Vapor Deqreasirm with lsotron Solvents: Penwalt Corporation:
pnduct Information Brochure IC.109.

Vagor Degreasinq with Trichlor and Perchlor: PPG Industries
Incorporated; Product Information Brochure.

Vamw Deqreasinq with Tri-Ethane: PPG Industries, Incorporated;
Product Information Brochure Number A-9Z5R.

Water Contaminants and Possible Sources, A classification of Pure:
V. Smith; Second Annual Convention of American Association for
Contamination Control.

Water, Microbiological Analysis of: Millipore; Application Report AR-81.
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IDENTIFICATION OF INTEREST IN 00CUMENT BY ACTIVITY

:(’”0

Custodians
Army - MI
Navy - AS
Air Force - 84

Preparing Activity Project No. 3694-0026
Am - MI

Civi1ianR:~en:ies

. NASA - MSFC

Review Activities
Arnv - AV, AV, El, MU, MI
Navy - AS, OS, 5A
Air Force - 12, 14,.44, 84

User Activities
Army - AT, GL, ME, WC -
Navy -
Air Force -. .
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INSTRUCTIONS: In a continuing effort to make our &zndzrdization documents better, the DoD provides tbiz form for use in
mbmitting cmnmen~ and suggestionsh improvements. AU usem of military ahmfardization documenlz are invited to provide

srzggestbna. This form may b. detzcbe.i folded aEongthe Iinez indicated, taped along the loots edge (DO NOT STAPLE), and

*.
In bkk 5, be as aperWIc M pmzible aboutPmizul.srproblem areas such “M warding which required in@pretation, w-

nad, rmtnctive, loose, ambkuouz, oz was incompatible, and give pmpwed WOrdhg chznssz wbicb woufd afleviate the
WOI+xzM. Enter in block 6 any remarks not relatedto ● specific pzragmph of the document. Ifblock 7 u fried out, an

zrknowledgementzviflb mailedtoYoum“tbinSOdzyztotatYOUkmzw tbsiyourcommen~ wem =eived snd are ‘being
cmosidered.

N02’%’ ‘Ildn form may not be used to request copi- of dorumenu, nor to request nimrz, dsviztiozm, or clarification of
apecikktion requirements on current contracts. CommentA mbzrdttion tbi. fotm do not coaztitute or imply autboriznlkm

b Am any portion oftienfe~n~ dti-nt(d orto~nd COIZ~ti -~mem~.
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STANDARDl~TION DOCU;~ENT lidPROVEMENT PROPOSAL
(Seehstruc,tions– Rrvcrie Side]

DOCUMENT N’JMBE R Z. 00cuMENT TITLE

NAME OF SUBMITTING oRGANIZA?1ON 4. TYPE OF ORGANIZATION (Mark o.,)

❑ vENootl . ●
n “s,.

ADDFtE’6S+Sfn,t, City, Stare. ZIP COW

Q MANuFAa”lwFl

❑ oT”ER;sDS.,fy,: ,,

PROBLEM AREAS
~ 1/

.. .

m Pcragraph Numb, and WOrdlrIQ:
,..

9

>

b. FiOtMllm011d9dWo,.Zi”~ ,

...

a

c. 11-n/Rmtlo”alo for 11-,-nmo”dmle”:

. . . .

. ...

,,. .

,’,
,, /.

.,
“f

-nIEMA13K9
., ?)

.:
. . .

,,

.!

NAME OF SUOMITTEII (ht. Fhl. MI) - Optland b. WORK TELEPHONE NUMBEH (Ineltmia
C&) - OntlOn.1 ‘9

IAILINQ AOORESS (Stmd. Cte, Stati, ZIP Cod@ - OP,JIYISI
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