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PREFACE

Currently, it takes nine glues for you to light up your cigarette.
Detached retinas, worn arteries and broken bones are being repaired
with adhesives. Highway departments use these materials in re-
storing roads, while builders are constructing houses and fences
atlower costs by substituting these bonding agents for mortar. Auto-
‘mobiles contain between eight and twenty five pounds of plastic
cements; moreover, in the not too distant future, the entire car may
be free from screws, solder and rivets. The shoe manufacturers are
discarding nails and threads for these adhesive materials, while
the garment industry is attempting to assemble clothes by bonding,
in order to eliminate costly sewn seams. The aircraft, shipbuilding,
packaging, toy and dental industries all use bonding materials —
in some cases even for prime structural purposes.

To support these assembly operations, approximately two bil-
lion pounds of chemical joining agents, commonly called adhesives,
cements, glues, mucilages, pastes and pressure-sensitive tapes,
are being produced in this country. The user has available such a
wide variety of types, grades and forms that the problem of choos-
ing which adhesive will join his components is not a simple one.
Factors concerning loads, temperature range, weathering and en-
vironmental conditions affecting the joint, limit the selection. Fur-
ther, since profitable operations not only depend on how fast and
inexpensively parts can be made but also on how quickly the pro-
duct can be assembled, additional factors are introduced. Typical
ones which require consideration are process equipment availability,
manufacturing sequences, purchasing commitments and storage
(some adhesives spoil rapidly).

Other than a few limited reviews, there is no single source
guide oriented toward the user which even begins to answer all
these questions. The user is thus faced with a formidable problem. -
Not only does he have to sift out which types of adhesives can
join his components, but also he must determine which is best for
his application, consistent with process and equipment limitations.
Considerable literature searching as well as supplier contact is
therefore necessary. Such an ambitious project is time consuming;
and in certain cases where decisions are urgent, the problem be-
comes difficult to resolve.



Nevertheless, there is actually a vast source of readily appli-
cable data. These data are contained in specifications, which de-
fine what is expected in measurable terms, give the limits of uni-
formity and quality, and distinguish between a good and a bad pro-
duct. Unfortunately, when the precise number and title of the de-
sired specification are unknown, procurement is hindered.

In response to this shortcoming, this book provides a guide
for choosing suitable adhesives covered by specifications. It gives
basic and detailed information of value, on a comparable basis, to
designers, manufacturers, engineers and technical personnel con-
cerned with fabricated parts of almost every conceivable nature,
where adhesive bonding assembly operations are an integral part of
fabrication.

Towards this end, the book is divided into two parts. Part I
guides the user to those adhesives which can fulfill specific jobs.
Part II gives exact specification details covering the chemical,
physical, process and performance properties, as well as avail-
ability of these bonding materials. In order to keep up with the
changing technology of adhesive bonding which is reflected in the
creation, revision and cancellation of specifications, this book will
be revised periodically. '

I wish to thank three publishers for their permission to use
portions of my articles in this book. These are Reinhold Publishing
Company (“‘Adhesives for Wood’’, Materials in Design Engineering,
July 1962), Conover-Mast Publications (‘‘Pressure-Sensitive Ad-
hesive Electrical Tapes’’, Electro-Technology, August 1962 and
““Adhesives for Optical and Electro-Optical Applications’’, Electro-
Technology, April 1963, copyright C-M Technical Publications) and
Palmerton Publishing Company (‘A Guide to Federal and Military
Specifications for Rubber Bonding Adhesives’’, Rubber Age, April
1964).

Irving Katz
Downey, California
July, 1964
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I. ANATOMY OF ADHESIVE BONDING

Adhesive bonding is a process for joining materials. It differs
from most other joining techniques in that no contrivances are used
to hold the components together such as in riveted or bolted joints.
Mechanies of Adhesion

Adhesives hold components, commonly called adherends or
substrates, by both mechanical and chemical adhesion.

Mechanical adhesion is that component of the adhesive strength
attributable to mechanical interlocking of the adhesive in the pores
of the adherend. Porous substances such as paper and wood pro-
vide more porosity than metals or glass for the adhesive to gain
entrance and lock the components together.

Chemical adhesion is that component of the adhesive strength
attributable to either (1) primary bridging resulting from the chem-
ical reaction between the adhesive and the adherend or (2) second-
ary bridging resulting from the residual electrical forces (polarity)
surrounding the molecules. These residual forces, if properly or-
iented, cause mutual attraction between the adhesive and the ad-
herend. When the molecules are small, these forces are usually
insufficient for adhesive bonding. However, these forces become
spectacular in their effect when the molecules are large, such as
those of resins, the basic component of most adhesives. In fact,
they may rival the strength achieved with the chemical reaction
type joints. Little or no adhesion will occur when adhesives and
adherend surfaces of dissimilar polarity are brought together. Table
I lists the polarity of various adhesives and adherends.

Adhesive Bond Requirements

The ability of the adhesive to link up with the substrate ful-
fills only one ofthe two requirements for successful adhesive bond-
ing. The other requirement is that the adhesive and substrate must
have sufficient cohesive strength to transmit loads from one to the
other. An assembled joint can fail in one of five places. These
are by adhesive failure in the two adhesive-adherend interfaces or
by cohesive failure within either the adhesive or two adherends.
Destructive testing will cause failure in the weakest of the five
links comprising the assembled joint.
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Anatomy of Adhesive Bonding

Process Requirements

Special processing is required if both the adhesive and co-
hesive requirements are to be met. The adhesive requirement is
fulfilled in part by the substrate treatment and in part by the con-
version of the adhesive into a hardened mass. The cohesive re-
requirement is met entirely by the proper conversion of the adhesive.
Adhesive Requirements

If an adhesive is to bond, it must touch the surface of the ad-
herend. From the macroscopic viewpoint, contact is accomplished
using pressure. The pressure forces the adherend surfaces into
contact with the adhesive and eliminates voids caused by mis-
matched parts. There is, however, an upper limit to the amount of
pressure which can be applied. Too much may squeeze the adhesive
into pockets or even out of the joint. Pressures ranging between
contact and 40 psi are commonly used. Certain wood adhesives
use pressures up to 200 psi and certain vinyls up to 2000 psi.

From the microscopic viewpoint, pressure is not enough to
insure contact between the adhesive and adherend. All surfaces
are coated with dirt, oil and other contaminants. Solvent cleaning
or degreasing removes these contaminants. However, for some ma-
terials such as metals, this is still not sufficient for intimate con-
tact. The adhesives in contact with those materials tend to pull
away from the substrate in much the same way that mercury balls
up when placed on glass, although not to the same degree. An etch-
ing process which consists of treatment with strong oxidizing acids
changes the character of the surface making it more compatible
with the adhesive.

Unfortunately, the character of this altered (etched) surface
is such that it is not stable for periods longer than 24 hours. Con-
sequently, bonding must be made within this time period and pre-
ferably within eight hours. However, when manufacturing operations
are such that bonding cannot be made within this period, a primer
is placed over the activated surface and usually baked at temper-
atures above room temperature, but hardly ever at temperatures used
to cure the adhesive. The primer is a dilute solution of the adhe-
sive. Baking above room temperature hardens the primer but is not
sufficient to reduce the chemical reactivity of the primer for the
adhesive during the curing operation. Typical modified epoxy ad-
hesives use primer baking temperatures of 150 F and primer-adhesive
curing temperatures of 350 F. A baked primer requires only clean-
ing with solvent to remove oil, dirt and greases collected during
storage prior to bonding.

Certain plastics such as Teflon, polyethylene, etc., are so
nonpolar and chemically inert that an etching process is required
to disrupt the chemical nature of the surface so that it will bond
with nonpolar adhesives. Appendix A at the end of this book gives
surface preparation procedures, including etching techniques com-
monly used in adhesive bonding.
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Adhesive Materials, Their Properties and Usage

Cohesive Requirements

The cohesive requirement and in part the adhesive requirement
is achieved by converting the raw adhesive into a solid, hardened
mass.

Adhesives are compounded from one of two basic types of ma-
terial: thermoplastic and thermosetting. The thermoplastic variety
softens under heat and, if sufficiently heated, will melt. Further,
it is soluble in selected solvents. The thermosetting types harden
(cure) under the action of heat and/or catalysts. Once hardened,
they do not melt and are insoluble. ‘Chapter 6 lists the currently
available thermoplastic and thermosetting resins.

These thermoplastic and thermosetting adhesives are supplied
basically in four types. These are (1) airdrying, (2) pressure-sensitive
tapes, (3) fusible, and (4) chemically reactive materials.

The air drying adhesives, predominantly thermoplastics, are
converted to the solid state by evaporation of the solvent. They
bond by mechanical and secondary bridging chemical adhesion.
The adhesive is applied to the substrate, and, if necessary, baked
or air dried for a short period of time to remove the solvent prior
to closing the cleaned joint and then applying pressure for a suit-
able length of time.

The pressure-sensitive adhesives, predominantly thermoplas-
tics, are supplied on a paper, plastic, etc., backing in tape form.
They either require no moisture, heat or other preparation prior to
or subsequent to application or are activated with water or solvent
prior to application. These tapes also bond by mechanical and
secondary bridging chemical adhesion. However, there are a few
pressure-sensitive tapes containing thermosetting ingredients em-
ployed in electrical insulation applications which need heat curing
to convert the resin portion into a more heat resistant material.

The fusible adhesives, predominantly thermoplastics, such as
animal glues, are converted by melting, applying to the cleaned
adherends, closing the joint and allowing to solidify (cool) under
pressure. These fusible adhesives bond by mechanical and secon-
dary bridging chemical adhesion.

The chemically reactive adhesives, predominantly thermosetting
materials, are converted to the solid state by activating with cat-
alyst and/or heat. They bond substantially by primary bridging and
secondarily by mechanical and secondary bridging chemical ad-
hesion. The adhesive is activated when necessary with a catalyst
and applied to the cleaned substrate, the joint closed and cured at
room or elevated temperature under pressure for a suitable length
of time.

Process Restrictions

In the manufacture of a bonded part certain process restrictions
are imposed. The major ones are the shelf life and working life of
the adhesive,

4



Anatomy of Adhesive Bonding

Every adhesive has a certain shelf life. This is the period
after manufacture that it remains usable. Air drying adhesives are
usually stable indefinitely provided the solvent does not evaporate.
The pressure-sensitive adhesives are essentially semiliquids avail-
able in different viscosities. However, with the passage of time the
viscosity changes, altering the properties of the tape. These ad-
hesives are usually stable from six months to two years dependent
on type. The fusible adhesives are also stable for very long per-
iods of time provided they are protected from moisture, loss of any
residual solvent and against mold. The chemical reactive adhe-
sives, if precatalyzed by the supplier, have very short shelf lives. -
Even with refrigeration they must be used within three months and
some as soon as one month. Uncatalyzed, they are stable up to one
year.,

Working life starts from the period the adhesive is made ready
for application to the point where the joinrt is closed. The air dry-
ing adhesives, once applied, vary in working life from minutes to
a few hours, determined by the rate of evaporation of the solvent.
The fusible adhesives; if animal base such as animal glue, have
working lives ranging between 24 and 48 hours, which are reduced
to less than one hour when applied to the open face joints. The
other fusible adhesives vary considerably in working life, depend-
ent onthe type of adhesive. The pressure-sensitive adhesives which
require no moisture, heat or other preparation have working lives
essentially equivalent to their shelf life. Those that are activated
with water or solvent have working lives in the order of minutes.
The chemically reactive adhesives, once activated, range from
minutes up to twelve hours. Those that are precatalyzed and re-
turned to room temperature usually have slightly longer working
lives.

In any bonding operation if the shelf life or working life of the
adhesive is exceeded, inferior joints —or none at all —will be made.

Process controls are extensively covered by specifications for
phenolic, resorcinol, melamine, urea and epoxy adhesives (Refer-
ences 1, 2, 3, 4). Further, there are specifications defining packag-
ing of pressure-sensitive and gummed tapes.

Adhesive Selection

The choice of an adhesive is essentially an analytical pro-
cess. Tt consists of (1) establishing what properties are necessary
for the part, (2) determining the degree to which these properties
are met by existing adhesives, and (3) choosing the optimum bond-
ing material consistent with process and cost limitations.

The adhesives which deserve consideration for a particular
application are described in Part I of this book; the properties of
these adhesives in measurable specification terms are given in
PartIl. Thus, the reader defines his bonding problem, reviews PartI
for applicable adhesives and then Part II for their properties. The

5



Adhesive Materials, Their Properties and Usage

ultimate choice is made using a trade-off between properties, pro-
cess requirements and cost; the latter is provided by the supplier.
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2. SPECIFICATION TECHNOLOGY

There are two types of documents used throughout industry to
describe bonding materials. These are (1) specifications and (2).
standards.

Specifications are essentially definitions covering the char-
acteristics of the adhesive required for satisfactory performance
in the intended bonding application. They define these character-
istics in measurable terms, establish the limits of quality and uni-
formity which can be subsequently verified by testing, and dis-
tinguish between an acceptable and an unacceptable product.

Standards, on the other hand, limit the characteristics within
specific ranges based on sound engineering experience. Standards
cover forms, grades, types, sizes and test procedures. They are
used to reduce costs, promote interchangeability and facilitate
replacement of parts.

Bonding agents are described by Government, National, In-
dustrial. and International specifications and standards. However,
the performance characteristics of bonding materials are covered
predominantly by Government specifications, although occasionally
some are released under the other designations. The National,
Industrial and International documents are essentially standards
concerning themselves primarily with testing procedures and with
the limitation of forms, types, grades and sizes. N

The Government documents are released as Federal and Mil-
itary specifications and standards and as Commercial Standards
and Simplified Practices Recommendations. National standards
are released by organizations such as The American Standards
Association, American Society for Testing and Materials, etc., for
use by many industries. Industrial standards are released by or-
ganizations such as the National Association of Glue Manufactur-
ers, Pressure Sensitive Tape Council, etc., generally for use by
one industry. Intemnational standards are those developed by both
American and foreign organizations to facilitate international trade.
Names and addresses of standarization agencies are given in Ta-

ble I.
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Adhesive Materials, Their Properties and Usage
GOVERNMENT SPECIFICATIONS AND STANDARDS

Federal Specifications

Federal specifications are administered by the General Ser-
vices Administration and are developed by either a civilian or mil-
itary agency depending upon interest and requisite technical staff.
The specifications after preparation are forwarded to other inter-
ested Government agencies for coordination and approval, where-
upon they are released as Regular Federal Specifications.

Whenever there is an immediate need and insufficient time
exists for processing through all interested departments, they may
be released as Interim Federal Specifications by the particular
agency prior to release as Regular Specifications.

At various times the availability of certain materials may be-
come critical. The Government releases Emergency Specifications
whose primary purpose is to conserve critical materials. These
specifications do not modify or supersede the basic Federal speci-
fication but are released as an addition thereto, to be used as an
alternate whenever feasible to effect conservation. Currently there
are no Emergency Specifications covering bonding materials.

Federal specifications are designated by an identification sys-
tem consisting of three parts. The first part is composed of from
one to three capital letters identifying the Federal procurement
group to which the item belongs (see Table II). The second part
is a single letter which is the first letter of the title of the speci-
fication. The third part is the serial number determined by its al-
phabetical location within the procurement group. Thus, MMM-A-100
covers Adhesive, Animal-Glue.

Interim specifications are designated in the same manner as
Regular Federal Specifications except two zeros precede the serial
number and in parenthesis after the serial number is a code giving
the assigned agency responsible for the development and mainten-
ance of the specification and the preparing activity within the agen-
cy responsible for the actual development and preparation of the
specification. Thus, MMM-A-00130 (GSA-FSS) covers Adhesive,
Contact issued by the General Services Administration and prepared
by the Federal Supply Service. Each Interim Federal Specification
carries a preamble directly under the title which explains the sig-
nificance of the specification. Further, when an Interim Specifica-
tion supersedes an existing Regular Federal Specification it will
be so stated in the preamble.

Emergency Specifications are also designated in the same man-
ner as Regular Federal Specifications except one zero precedes
the serial number. When an Emergency Specification is issued, a
notice is published calling attention to the optional specification
and the material which it intends to conserve. The notice carries
the same symbol as the basic specification, and each notice is
numbered consecutively using Arabic numbers.
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Adhesive Materials, Their Properties and Usage

Federal specifications are modified by amendments or by com-
plete revisions. Amendments are used when only minor changes are
made; each carries the specification symbol, the amendment number
in Arabic numerals and the date. Only one amendment is in exist-
ence at any one time. Subsequent minor changes are made by super-
seding amendments; these include changes still in effect at the
date of issue and are indicated by Arabic numerals.

Revisions of Federal specifications are made when significant
changes are introduced. They are indicated by the addition of a
letter a, b, ¢, etc., to the basic symbol.

Federal Standards

Federal standards covering bonding materials are limited to
testlng procedures, although occasionally they also define engi-
neering and product standards. Bonding material test standards
establish uniform test procedures for use by the Government, sup-
pliers, and fabricators, in order to reduce rejections due to noncom-
parable test procedures. A typical test standard is Federal Test
Method Standard No. 175, Adhesive, Methods of Testing.

Federal standards are identified by Arabic numerals and the
date of issue. Interim Federal Standards contain a double zero be-
fore the serial number. The date of issue, change notice, amendment
or revision is given in each document. Each revision is identified
by a small letter and each change notice and amendment by an Ara-
bic numeral. Only the change notice used to amend Federal stand-
ards, issued in loose leaf form, is not cumulative.

Military Specifications

Military specifications are administered by the Department of
Defense. The Military specification is developed only by a Military
department, and each is assigned a custodian from that department.
The custodians may prepare the specification or have it assigned
to a joint agency such as the Aeronautical Standards Group (ASG).
Custodianships are shown on the last page of the specification as
well as other agencies within the Military departments having an
interest in the specification.

After preparation they are coordinated and approved by the in-
terested departments and activities. These are called Coordinated
Military Specifications; that is, they have been coordinated through
the Army, Navy and Air Force. When an item is only of interest to
one Military department or if insufficient time exists for prosecution
through all interested Military departments, it can be released as a
Limited Coordination Specification.

Military specifications are designated by an identification sys-
tem also consisting of three parts. The first part MIL is an abbre-
viation for Military. The second part is a single capital letter which
is the first letter of the title of the specification. The third part
is the serial number. Thus, MIL-A-5540 covers Adhesive, Polychloro-

prene.
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Limited Coordination Military Specifications are designated in
the same manner as Coordinated Military Specifications but in addi-
tion carry a code in parenthesis immediately after the serial number
giving the activity issuing the specification. Thus, MIL-A-18065
(SHIPS) covers Adhesive, High Initial Bond issued by the U S Navy,
Bureau of Ships. If a Limited Coordination Specification becomes
coordinated, the suffix is dropped.

Military specifications are modified in a manner similar to Fed-
eral specifications. Amendments for minor changes are indicated
by Arabic numerals and the date of issuance. Revisions to Military
specifications for major modifications are indicated by the use of
a capital letter beginning with A and continuing in alphabetical
sequence immediately following the basic serial number. The modi-
fications supersede previous amendments and revisions.

Whenever a Military specification becomes obsolete and re-
vision is delayed, a Limited Coordination Specification can be
released to cover the necessary requirements. These specifications
carry the same number as the basic specification except two zeros
are placed in front of the serial number, and in addition a suffix in
parenthesis after the serial number indicating the activity issuing
the limited coordination change and the notation “‘Used in Lieu of’’
is added. Thus, MIL-C-002861B (SHIPS) covers Cement, Insulation,
High Temperature issued by the U S Navy, Bureau of Ships to be
used in lieu of MIL-C-2861A.

There are some military specifications which have not been
converted as yet to the MIL designation. They carry the obsolete
identification symbols such as JAN, USAF, U S ARMY, U S NAVY,
ete.

Military Standards _

Military standards, like Federal standards, are issued to elim-
inate waste and improve efficiency in operations. They define the
characteristic limitations applying to bonding materials and test
methods.

Military standards are designated by the symbols MIL-STD and
MS depending upon the manner in which they are released. MIL-STD
standards are released in book form and MS standards in sheet form.

Military standards are further classifiedinto Coordinated Stand-
ards and Limited Coordinations Standards. The Coordinated Stand-
ards, like Military specifications, have been concurred in by all
interested activities. The Limited Coordination Standard is issued
by one department to satisfy an immediate need for covering an area
unique to the single department.

The Coordinated Standards are designated by the symbol re-
flecting the type of standard, an Arabic numeral, and the issue date.
The Limited Coordination Standard also carries a code identifying
the issuing activity. Typical examples of coordinated standards are
(1) MIL-STD-401, Sandwich Constructions and Core Materials; Gen-
eral Test Methods and (2) MS 16698, Tape, Pressure-Sensitive Ad-

13



Adhesive Materials, Their Properties and Usage
hesive. A typical Limited Coordination Standard is MS 35500(CE),

Cement, Neoprene, Vulcanizing.

Military standards are changed by either complete revisions
or revised pages. Revisions are indicated by the addition of a capi-
tal letter to the serial number and revised pages by the date of re-
vision.

Qualified Products List

For certain Government specifications, lists of products are
released when (1) the nature of time consuming tests would cause
an undue delay in the delivery of the product, or (2) where the un-
satisfactory performance of the product may endanger lives. This
procedure is known as qualification testing.

All Government specifications which require qualification test-
ing indicate this requirement. Section 3 of the specification will
contain a statement, usually in paragraph 3.1, that the product to
be supplied should have been tested and passed the qualification
tests. ‘Section 4 will describe the tests to be made. Section 6 will
contain a statement that the right is reserved to reject bids on
products which have not been tested for inclusion on the Qualified
Products List. The name and address of the activity to be contacted
to arrange for qualification testing is also given.

The Qualified Products List contains a designation of the pro-
duct, the supplier’s name and address, including the address of the
plant from which the sample was submitted, the laboratory performing
the test and the test report number.

Qualified Products Lists are designated by the symbol QPL
followed by the number ofthe associated specification and an Arabic
number to identify the issue of the list. Thus, QPL-PPP-T-76 is
the list associated with Federal Specification PPP-T-76, Tape,
Pressure-Sensitive Adhesive Paper Water Resistant and QPL 5090
is the list associated with Military Specification MIL-A-5090, Adhe-
sives, Heat Resistant, Airframe Structural, Metal to- Metal.

Qualified Products Lists are modified by complete revisions
or amendments. A revision constitutes the issuance of a new list
and is identified by a succeding suffix number: QPL-PPP-T-76-3
is the revision of QPL-PPP-T-76-2. An amendment consists of the
addition of sheets containing only the changed listing. The amend-
ments are identified by date and number, are cumulative and super-
sede previous amendments.

Government Indexes

Federal and Military specifications and standards are cata-
loguedinto two indexes. The Index of Federal Specifications, Stand-
ards and Handbooks is a complete listing of all Federal specifica-
tions and standards issued under the jurisdiction of the General
Services Administration. It also ihcludes a select number of Military
specifications and standards used by Federal agencies and is is-
sued once a year. Supplements containing new specifications are
released on a monthly basis.
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Military specifications and standards are catalogued into the
Department of Defense Index of Specifications and Standards. It
consists of three parts. These are the alphabetical, numerical and
Federal Supply Classification (FSC) Listing indexes. The latter is
used to group together similar products. FSC No. 8040 is used for
adhesives.

Each volume of the Military index is published annually with
cumulative supplements appearing bimonthly.

The Federal index and the Military index are available from
the Superintendent of Documents, Government Printing Office, Wash-
ington 25, D. C., on a modest subscription basis.

Federal specifications and standards can also be purchased
from the Superintendent of Documents. The purchase price is given
in the index. Copies of individual Military specifications and stand-
ards can be obtained from Naval Supply Depot, 5801 Tabor Ave.,
Philadelphia, Pennsylvania, Attn: Code DCI.

Commercial Standards and Simplified Practices Recommendations

Commercial Standards and Simplified Practices Recommenda-
tions are administered by the Commodity Standards Division of the
Department of Commerce. These Standards and Practices are de-
veloped through coordinated efforts of the Commodity Standards
Division, suppliers, consumers and testing laboratories.

Commercial standards are developed to establish a common
groundwork and clear understanding between buyers and sellers
concerning (1) terminology, (2) types, sizes, forms and grades of
materials and products, (3) testing methods and (4) end use char-
acteristics. One of the distinct advantages of preparing a Commer-
cial Standard is that industry itself writes its own specification.
When a majority of the concerned organizations approves the stand-
ard, it becomes official. Once promulgated, an industrial committee
is chosen to maintain the standard. A product conforming to a Com-
mercial Standard may be labeled accordingly including the use of
a hallmark, if any.

Commercial Standards are designated by a three part identifica-
tion system. The first part is the symbol CS, an abbreviation of
Commercial Standard, the second part the serial number and the
third part, the year in which the specification is released or last
revised. Thus, CS 181-52 covers Water-Resistant Organic Adhesive
for Installation of Clay Tile.

Minor revisions are made by means of amendments starting
with number 1. These amendments are added immediately after the
designation.

Simplified Practice Recommendations are developed to elim-
inate superfluous varieties, sizes, types and grades of materials.
They are also designated by a three part coding system. The first
part is the symbol R, the second part by the serial number, and the
third part by the date of issue or the last revision. Thus, R 85-52
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covers Adhesive Plaster.

No Qualified Products Lists are made for either Commercial
Standards or Simplified Practice Recommendations; however, the
documents do list adhesive suppliers assisting in preparation of
the documents.

Commercial Standards and Simplified Practices Recommenda-
tions are tabulated in Catalog No. 978 and Catalog No. 979, re-
spectively.. Both are available from the Commodity Standards Di-
vision, U S Department of Commerce, Washington 25, D. C. The
index lists the sale price of each standard or recommendation which
is generally available from the Superintendent of Documents.

NATIONAL SPECIFICATIONS AND STANDARDS

American Standards Association

This association is a federation of trade organizations, tech-
nical societies, professional groups, consumer agencies, and many
companies, founded in 1918 for the purpose of clearing and coordi-
nating standards on a naticnal level. It processes standards on
practically every conceivable subject and is recognized as a stand-
ardizing agency on an international level.

To be qualified as an American Standard, a standard must have
been accepted and approved by all groups, organizations, and agen-
cies within the American Standards Association concerned with the
scope and provisions of the standard. It is a voluntary standard for
use by industry but is sometimes adopted for mandatory use by a
{overnment agency.

American Standards are prepared by either adoption of existing
standards promulgated by other organizations or by development
through Section Committees in areas where a need for standards
is demonstrated. Existing standards such as those of the American
Society for Testing Materials, National Electrical Manufacturers
Association, etc., are submitted to the American Standards Associa-
tion for approval. If approved, the standard is given an ASA designa-
tion; however, it also retains its original title and numerical desig-
nation.

American Standards Association standards are designated by
a five part identification system. The first part ASA is an abbrevia-
tion of the organization’s name. The second part is the project
letter(s) of the field within which the standard is catalogued (see
Table III). The third part is the class number designating a specific
group of materials within the indicated field. The fourth part is the
serial number for a specific material. The fifth part is the year of
issue or latest revision. Thus, ASTM specification ASTM D119-57T,
Rubber Insulating Tape which has become an ASA standard is desig-
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nated ASA (€59.6-1958. A detailed breakdown of code numbers for

the standards is found in the American Standards Association Index
of Standards.

TABLE III. DESIGNATION SYSTEM FOR AMERICAN STANDARDS
ASSOCIATION

FIELD PROJECT LETTER

Acoustics, Vibration, Mechanical Shock, and
Sound Recording

Automotive

Chemical Industry

Civil Engineering-and Construction

Commercial Standards

Drawing Symbols and Abbreviations

Electrical Engineering

Ferrous Metals and Metallurgy

Gas Burning Appliances

Materials Handling

Mechanical Engineering

Mining

Miscellaneous

Nonferrous Materials and Metallurgy

Nuclear

Office Equipment and Supplies

Petroleum Products

Photography and Motion Pictures

Pulp and Paper Industry

Rubber

Textile Industry

Thermal Insulating Materials

Wood Industry

ONODUIOHONHIZIOENETENQOAX O RO W

Source: ‘‘Catalog of American Standards.”” American Standards
Association. 1964.

American Society for Testing and Materials

This society, commonly referred to by the symbol ASTM, de-
velops specifications and standards for materials, test procedures,
definitions, forms, charts, tables and practices. The standards are
national in scope and have achieved significance in international
trade.

ASTM specifications and standards are developed by commit-
tees of specialists, such as ASTM Committee D-14 for Adhesives,
drawn from persons identified with user interests, manufacturer in-
terests and (neutral) general interests. Prior to adoption these docu-
ments are issued as Tentative Specifications and Standards. They
represent the latest thinking and practice on the subject covered.
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After adoption they are identified formally as an ASTM specification
or standard.

ASTM standards are designated by a four part identification
system. The first part ASTM is an abbreviation of American So-
ciety for Testing and Materials. The second part consists of a cap-
ital letter drawn from A through F (see Table IV) to indicate the
type of material or nature of the standard. The third part is the
serial number. The fourth part is the last two numbers of the year
during which the standard is released or the year of the last re-
vision. Thus, ASTM D907-60 covers Definition of Terms Relating
to Adhesives released in 1960.

TABLE IV. DESIGNATION SYSTEM FOR ASTM SPECIFICATIONS AND
STANDARDS.

Ferrous Metals

Nonferrous Metals

Cementatious, Ceramic, Concrete and Masonry
Materials

Miscellaneous Materials

General Testing Methods and Definitions
Materials for Specific Applications

mET QW

Source: ‘‘ASTM Standards.’’ American Society for Testing and Materials.
1961.

Tentative specifications are designated in a manner similar
to regular ASTM specifications and standards, except that they
carry the capitalletter T after the code number. Thus, ASTM D1002-
53T covers Test for Strength Properties of Adhesives in Shear by
Tensile Loading released in 1953.

Society of Automotive Engineers

This association, commonly referred to as SAE, issues six types
of documents covering materials, fittings, equipment and recom-
mended practices. These documents constitute (1) SAE Standards,
(2) SAE Recommended Practices, (3) Aeronautical Material Speci-
fications, (4) Aeronautical Standards, (5) Aeronautical Recommended
Practices and (6) Aeronautical Information Reports.

18
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SAE Standards and Recommended Practices are developed for
use by the automotive industry but are commonly used by other in-
dustries. The SAE Standards are,based on established engineering
practices and the Recommended Practices on accepted engineering
principles which are used as guides towards simplified engineering
procedures. SAE Standards and Recommended Practices are pub-
lished in the annual SAE Handbook. SAE Standards and Recom-
mended Practices are designated by a two part system consisting
of the symbol SAE and a serial number. These documents do not
currently cover bonding materials.

Aeronautical Material Specifications, Standards, Recommended
Practices and Informational Reports are released by the SAE for
use by the Aeronautical industry. These are also widely used by
many other industries. Aeronautical Materials Specifications cover
materials and processes based on established metallurgical and
nonmetallic practices in the aircraft industry.

Aeronautical Material Specifications are designated by a two
part identification system. The first part is the symbol AMS and
the second part the serial number consisting of four numerals. Thus
AMS 3690 covers Adhesive Compound, Epoxy, Room Temperature
Curing. Revisions are designated by the addition of a capital letter,
beginning with A, after the serial number.

Aeronautical standards cover (1) design standards conforming
with established engineering practices in the aircraft industry, (2)
parts standards conforming with established engineering practices
in the engine, propeller, accessory equipment of aircraft and (3)
other aeronautical specifications that do not fall within the AMS
category. They are designated by a two part identification system.
The first partis the symbol AS and the second part the serial number.

Aeronautical Recommended Practices are dimensional designs
or performance characteristics based on engineering practices used
in the aircraft industry. They are intended for use as guides towards
standardization of engineering practices. These documents are des-
ignated also by a two part identification system. The first part is
the symbol ARP and the second part the serial number.

Aeronautical Information Reports are used to disseminate data
which do not lend themselves to the SAE classification system.
These reports are designated again by a two part identification sys-
tem. The first part is the symbol AIR and the second part the serial
number.

Society of the Plastics Industry

This society, commonly referred to as SPI, is a federation of
suppliers, consumers and professional groups concemed with plas-
tics and adhesives. Their activities deal with the development of
quality standards, research and other matters of interest. These

are compiled in the SPI Handbook. This handbook contains detailed
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information on practically all subjects of interest to the plastics
industry including bonding agents for plastics as well as voluntary
standards for plastics materials and fabricated products. These
voluntary standards are promulgated by the Standards Division of
the U S Department of Commerce.

The SPI, through its Epoxy Resin Formulators Division, re-
leases standards for the testing of adhesive materials. These are
designated by a three part identification system. The first ERE is
an abbreviation of the division’s name. The second part is the serial
number. The third part is the last two numbers of the year during
which the standard is released. Thus, ERF 4-62 covers Method of
Test for Long-Time Creep of Epoxy Compounds released in 1962.

INDUSTRY SPECIFICATIONS AND STANDARDS

American Dental Association

This association is a federation of technical personnel serving
the dental profession. It prepares specifications covering dental
materials and cements. These specifications are designated by a
two part identification system. The firstpart ADA is an abbreviation
of the association’s name. The second part is the serial number.
Thus, ADA 8 covers Dental Zinc Phosphate Cement.

Products submitted for conformance to ADA specifications are
tested at the National Bureau of Standards. If the product meets
the requirements of the specification, the trade name and supplier’s
name are published in the Journal of the American Dental Association.
Adhesives Manufacturers Association of America

This association, commonly referred to as AMA, is a federation
of adhesive manufacturers. It does not engage in specifications and
standardization. The association, however, has published two bulle-
tins on adhesives for food packaging applications.

Building Research Institute

This institute, commonly referred to as BRI, is an association
of suppliers and technical persomnel serving the building trades.
It does not release specifications and standards. However, its Com-
mittee on Adhesives and Sealants has prepared a number of texts
covering symposiums on adhesives, sealants, foams and sandwich
construction for building applications.

Forest Products Research Society

This society is an association of technical personnel serving
the wood products industry, including activities with adhesives for
these products. It does not release specifications or standards but
does publish the Forest Products Journal in which adhesive de-
velopments are reported.

The Gummed Industries Association

This association is a federation of manufacturers of adhesive
tapes and label papers. It does not release specifications or stand-
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ards. It does, however, cooperate with the U S Department of Com-
merce on the preparation of Simplified Practice Recommendations
such as R114-63 covering Gummed Kraft Paper SealingTapereleased
in 1963.

National Association of Glue Manufacturers

This association is a federation of basic manufacturers of ani-
mal glue. It has prepared standards specifically for the sampling
and testing of these glues. These standards are designated by title
only.

Packaging Institute

The Packaging Institute, commonly referred to as PI, is a fed-
eration of technical personnel and organizaiions serving the packag-
ing industry. It does not release specifications or standards.”The
Institute, however, carries on symposiums covering the testing and
evaluation of packaging adhesives as well as publishing a mono-
graph on carton adhesives.

Pressure Sensitive Tape Council

This council is an association of adhesive tape manufacturers.
It prepares standards for the testing of adhesive tapes. These stand-
ards are designated by a two part identification system. The first
part PSTC is an abbreviation of the council’s name. The second
part is the serial number. Thus, PSTC-1 covers 180° Peel Adhesion.
Revisions are indicated by the date change only. Tentative stand-
ards are designated similar to PSTC standards, except that they
carry the word tentative after the code number.

Research and Engineering Council of the Graphic Arts Industry

This council is an association of technical personnel and or-
ganizations serving the graphic arts industry. It does not release
specifications or standards. The association, however, has pub-
lished a text covering a symposium on adhesives for printing ap-
plications.

Rubber and Plastic Adhesive and Sealant Manufacturers Council

This council is an association of adhesive and sealantmanu-
facturers. It releases product standards covering dry wall, ceramic
tile, building trades and contact bond adhesives. A Hallmark pro-
gram has been established to provide identification of products of
assured quality to guide industry in the buying and use of adhesives.
Technical Assaciation of the Pulp and Paper Industry

This association is a federation of suppliers and technical
personnel serving the pulp and paper industry. It releases two types
of documents: standards and routine control methods, both covering
the testing of adhesives. The standards are designated by a four
part identification system. The first part is the symbol T, the sec-
ond part the serial number, the third part one of the symbols os (of-
ficial standard), ts (tentative standard), or sm (suggested method)
and the fourth part the last two numbers of the year in which the
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standard was released. Thus, T-463 0s-60 covers Adhesiveness of
Gummed Paper Tape released in 1960. The routine control methods
are designated by a two part identification system. The first part
is the symbol RC and the second part the serial number. Thus, RC
272 covers Bonding Strength of Adhesives on Flexible Adherends.

Additionally, the association has released a monograph on test
methods oriented towards specific adhesive materials such as ani-
mal glue, casein, etc., as well as monographs covering symposiums
on protein and synthetic adhesives.
Wallpaper Council

The council is an association of wallpaper manufacturers. It
does not release specifications covering adhesives. It does, how-
ever, cooperate with the U S Department of Commerce in the prep-
aration and release of Commercia] Standards. Additionally, through
its Standards Committee, it determines the need and application of
standards for its member manufacturers.

INTERNATIONAL SPECIFICATIONS AND STANDARDS

International Organization for Standardization

This organization, commonly referred to as ISO, consists of
national standardizing agencies located throughout the world. It is
affiliated with the American Standards Association. The ISO acts
in a consulting capacity to its. members in accordance with a na-
tion’s interest in a given project field.

The ISO recommendations are designated by a three part iden-
tification system. The first part is the symbol R, the second part
the serial number and the third part the year in which the recom-
mendation was released. Thus, R36-1957 covers Determination of
the Adhesion of Vulcanized Natural or Synthetic Rubbers to Textile
Fabrics released in 1957.

International Electrotechnical Commission

This commission, commonly referred to as IEC, was founded
in 1904. However, since 1947 it has been affiliated with the ISO as
a technical division. The IEC coordinates and unifies practices on
electrical products including materials and further assists in the
coordination of activities of other international organizations.

The IEC recommendations are designated by a two part identifi-
cation system. The first part is the symbol IEC and the second part
the serial number. Thus, IEC 85 covers Recommendations for the
Classification of Materials, for the Insulation of Electrical Machin-
ery and Apparatus in Relation to Their Thermal Stability in Service.
Pan American Standards Qrganization

This organization has been recently formed to facilitate trade
among the Pan American Nations. It operates in a similar fashion
to other international standardizing agencies.
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3. PAPER AND FABRIC ADHESIVES

Paper and fabric are extensively converted into useful pro-
ducts by adhesive bonding. These products range from simple glued
paper assemblies to complex structures such as pontoons and air-
craft balloons. Adhesives for these paper and fabric base products
fall into three general categories. These are (1) paper assembly,
(2) fabric assembly and (3) packaging and labeling adhesives. The
latter are covered in Chapter 9.

PAPER ASSEMBLY ADHESIVES

These bonding materials are conveniently catalogued into tem-
porary, straight paper assembly and mixed paper assembly adhesives.
Temporary Adhesives

These adhesives are intended for holding paper producis to-
gether for short periods of time, such as in drafting room operations.
They are supplied as pressure-sensitive paper tapes, which provide
sufficient strength during assembly but can be easily removed by
peeling without tearing the substrate (Reference 1).

Straight Paper Assembly Adhesives

These adhesives are intended for general purpose bonding of
paper. They are available in water-remoistenable, paste, liquid and
solid varieties; each offers specific advantages.

Water-Remoistenable Adhesives. These are available as gummed
tapes. They are easily applied without any processing other than
wetting the surface. None of them are suitable for applications sub-
ject to continuous high humidity or immersion in water. Two general
classes are available: one for preparing the tapes and the other for
the finished tapes. Gum arabic and gum tragacanth are two of a
number of adhesives used for the préparation of the finished tape.

Gum arabic, employed predominantly for postage stamps and
labels, is also used occasionally in the liquid state (Reference 2).
It provides good resistance to blocking (sticking together) caused
by high humidity. Gum tragacanth, because of its brittle nature, is
compounded with plasticizers prior to preparation of the tape (Ref-
erence 3). However, it finds more use as an antiblocking agent with
other water-remoistenable adhesives and as a thickening agent for
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starch and protein adhesives.

The gummed tapes in die-punched shapes are used for rein-
forcing punched holes of loose leaf sheets (Reference 4) and in
transparent or opaque cloth and transparent paper tapes for mending
and reinforcing paper (Reference 5).

Liquid Adhesives. These are ready-to-use materials which bond
after evaporation of the organic or water solvent. The organic sol-
vent base products are water resistant. Rubber cements containing
flammable organic solvents bond paper without wrinkling, curling
or shrinking the stock (References 6, 7). Further, they can be re-
moved when dried by rubbing off without any discoloration of the
paper substrate. Mucilage, containing water as a solvent, is a mod-
erately quick setting adhesive but may induce some untoward wrink-
ling (Reference 8). It is mold resistant because of added preserva-
tives.

Paste Adhesives. These are similar to the liquid adhesives in
that they are ready to use and bond after evaporation of the small
amount of solvent used in the formulation. They are not as readily
applied, but do not cockle, wrinkle or warp paper despite the pres-
ence of water as the solvent. The paste, dependent upon type, may
have its brushing qualities improved by small additions of water
(Reference 9).

Solid Adhesives. These require preparation of a solution prior
to use. Rosin, however, can also be used as a hot melt adhesive
provided special processing equipment is available (Reference 10).
When used as a hot melt, almost instantaneous bonding can be a-
chieved. This adhesive has good water resistance but poor resist-
ance to organic solvents.

Mixed Paper Assembly Adhesives

These adhesives are compounded to adhere paper primarily to
other materials and secondarily to other paper stock. They are avail-
able in liquid and solid varieties.

The liquid adhesives, like the aforementioned straight paper
assembly liquid adhesives, are ready-to-use materials and bond
upon evaporation of the solvent. Cellulose nitrate, known as the
original household cement, is suited for bonding paper, fabrics,
glass, leather, metals and some plastics giving water resistant
joints (References 11, 12). The vinyl adhesives bond the same ma-
terials as do the cellulosic counterparts but without any of their
flammability hazards; however, they do not give the same moisture
resistance (References 13, 14).

The solid adhesives, such as powdered starch, require prepara-
tion of a solution in water prior to use. They can bond paper to
cloth. This starch adhesive will hold paper-cloth components to-
gether despite impact from bullets when used as targets (Reference
15). They are not water resistant.
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FABRIC ASSEMBLY ADHESIVES

These bonding materials are designated as straight fabric,
coated fabric and mixed fabric assembly adhesives.
Straight Fabric Assembly Adhesives

These adhesives are intended for general purpose bonding of
fabric assemblies ranging from construction of tents to repair of
bed linen. They are available in liquid and tape form.

These liquid adhesives are also ready-to-use materials which
bond after evaporation of the organic solvent. Nitrile rubber ce-
ments provide flexible joints which are resistant to water and tem-
peratures as high as 160 F (Reference 16). They are suitable for
applications subject to severe outdoor exposure such as patching
of tents,

The tape adhesives provide ready application of the bonding
material to the fabric assembly joints. Nitrile rubber cemented tape,
analogous to the aforementioned liquid nitrile cements, gives iden-
tical shear properties but approximately % the peel strength (Refer-
ence 17). It is suitable for manufacturing tent seams, reinforcing
panels and stress distribution patches. Thermoplastic resin im-
pregnated cotton tapes are used to repair fabrics, especially bed
linen, by merely ironing on the tape directly over the area to be
repaired (Reference 18). The patch can sustain laundering in hot
water.

Coated Fabric Adhesives

Fabrics for certain applications are coated with vinyl resins or
rubber to provide better resistance to water, weathering and han-
dling. Liquid adhesives are specifically compounded for these
coated materials.

Vinyl coated fabrics can be bonded with polyvinyl chloride
(Reference 19), synthetic rubber (Reference 19), vinyl-phenolic
modified rubber (Reference 20) and vinyl modified rubber (Reference
21) base adhesives. They are all room temperature curing and re-
sistant to water.

Neoprene coated fabrics are bonded with neoprene adhesives
which, dependent on type, are either room temperature or elevated
temperature curing (Reference 22). These adhesives are suitable
for the manufacture and repair of life vests, pontoons and other life
saving equipment used in water.

Other rubber coated fabrics can be bonded with room tempera-
ture curing natural rubber base adhesives (Reference 23). They are
also suitable for aircraft balloons and for life saving equipment
used in water.

Mixed Fabric Assembly Adhesives

Many of the mixed paper assembly adhesives such as cellulose
nitrate (References 11, 12), vinyl (References 13, 14) and starch
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(Reference 15) previously discussed, are suitable for mixed fabric
assemblies. In addition, there are others compounded specifically
for mixed fabric assemblies. They are all ready-to-use liquids.

Oleoresins are suitable for bonding cotton fabric to wood which
will be used in water for such things as floats and boat hulls (Ref-
erence 24). The adhesive prevents migration of dilute salt water
into the assembly.

Nitrile rubber adhesives are used for bonding fabric to syn-
thetic rubber, plastics and metals giving flexible joints having good
resistance to lubricating oils and some resistance to aromatic fuels
(Reference 25).

Adhesives offering specific environmental resistance charac-
teristics are available for bonding plain, plastic and rubber coated
fabrics to a multitude of materials. The first is suitable for joints
subject to air, water or oil exposure (Reference 26). The second,
dependent on type, is also suitable for gasoline exposure (Refer-
ence 27). The third is specifically for applications where contact
with aromatic fluids is expected (Reference 28). None of these ad-
hesives should be used for manufacturing or repairing life saving
equipment. In these cases use the aforementioned neoprene and
natural rubber adhesives (References 22, 23).

BIBLIOGRAPHY
Paper Assembly Adhesives

Temporary
(1) UU-T-93 Tape, pressure-sensitive adhesive, paper, drafting, 14 Oc~
tober 1960. No QPL.

Straight Poper Assemblies

(2) JJJ-A-20 Acacia, technical (gum arabic), 24 January 1958. No QPL.

(3) JAN-G-96 Gum tragacanth (for use in ammunition), 25 October 1944.
No QPL.

(4) UU-R-196 Reinforcements, gummed (cloth), 20 February 1952.
No QPL.

(5) UU-T-101 Tape, gummed; mending and reinforcing (paper and cloth),
18 June 1959. No QPL.

(6) ZZ-C-191 Cement; rubber (artists’ and photographers’ and cold
patching), 10 December 1959. No QPL.

(7) MMM-A-00185 Adhesive, rubber (for paper bonding), 22 January 1963.
No QPL.

(8) MMM-M-792 Mucilage, 15 January 1960. No QPL.

(9) MMM-M-177 Adhesive, paste, office and photomounting, 21 January
1964. No QPL.

(10) LLL-R-626 BRosin, gum; rosin, wood; and rosin, tall oil, 21 May 1957.
No QPL.

Mixed Paper Assemblies

(11) MIL-A-388 Adhesive and sealing compounds, cellulosé nitrate base,
9 June 1959. No QPL.

(12) MIL-A-11238 Adhesive, cellulose nitrate (ordnance use), 18 Septem-
ber 1962, No QPL.
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(18) MMM-A-180 Adhesive, polyvinyl acetate resin emulsion (alkali dis-
persible), 1 July 1963. No QPL.

(14) MIL-C-18726 Cement, vinyl alcohol-acetate, 11 June 1956. No QPL.

(15) MIL-A-17682 Adhesive, starch, 6 May 1963. No QPL.

Fabric Assembly Adhesives

Straight Fabric Assemblies

(16) MIL-G-2399 Cement, liquid, tent patching, 28 January 1960. No QPL.

(17) MIL-C-10668 Cement, liquid and cemented tape, for tent construction,
29 April 1953. No QPL.

(18) MIL-T-40102 Tape, thermoplastic adhesive for mending bed linen,
22 January 1960. No QPL.

Coated Fabrics
(19) MIL-A-22611 Adhesives, for polyvinyl chloride-coated cloth, 18 Au-
- gust 1960. No QPL. - S

(20) MIL-A-52222 Adhesive, for repair of poncho lightweight with hood,
14 May 1962. No QPL.

(21) MIL-A-52264 Adhesive, synthetic-rubber; nitrile-rubber and vinyl-
resin base (for bonding prefabricated airfield and road surfacing mem-
brane), 15 January 1963. No QPL.

(22) MIL-A-5540 Adhesive, polychloroprene, 20 February 1963. Has QPL.

(23) MIL-C-5539 Cement; natural rubber, 9 January 1950. Has QPL.

Mixed Fabric Assemblies

(24) MIL-G-413 Glue, marine and aviation marine (waterproof), 7 August
1952. No QPL.

(25) AMS-3685 Adhesive, synthetic rubber, Buna-N type, 1 December 1951.
No QPL.

(26) MIL-C-4003 Cement; general purpose, synthetic base, 19 March 1954.
Has QPL.

(27) MIL-A-5092 Adhesive, rubber (synthetic and reclaimed rubber base),
27 August 1952. Has QPL.

(28) MIL-A-13883 Adhesive, synthetic-rubber (hot or cold bonding), 7 No-
vember 1960. No QPL.
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4. WOOD ADHESIVES

Wood adhesives fall into three general categories. The first is
for straight wood assemblies, including plywood manufacture and
veneering applications. The second is for specific mixed wood as-
semblies such as wood/metal, wood/plastics, etc. The third is for
general purpose wood bonding applications.

STRAIGHT WOOD ASSEMBLY ADHESIVES

Straight wood assembly adhesives are designated by many sys-
tems, e. g., chemical composition, process requirements, etc. How-
ever, from the standpoint of the user, the durability index is more
useful. Under this system, adhesives are classified according to
service conditions into the following classes: interior adhesives,
semidurable adhesives and weatherproof adhesives.

Interior Adhesives

Interior adhesives are used for applications subjected to normal
indoor temperature conditions where relative humidities are not high
and do notfluctuate widely. Animal glues (Reference 1),liquid glues
(Reference 1) and vinyl emulsions (Reference 2) are commonly used
for these applications.

Semidurable Adhesives

Semidurable adhesives are used for applications subjected to
severe conditions for limited periods of time. These bonding ma-
terials deteriorate slowly and ultimately fail completely. Urea (Ref-
erence 3) and casein (Reference 4) adhesives are used for bonding
wood which will be subjected to these environmental conditions.
Processing techniques required of fabricators using urea adhesives
are available (Reference 31).

Weatherproof Adhesives

Weatherproof adhesives are used for applications subjected to
severe conditions for protracted periods. They are also suitable for
marine service. These adhesives are more durable than the wood
itself and are virtually indestructible by weather, mold and heat.
Phenolics, resorcinols and melamines are used for these applica-
tions (References 5, 6, 7, 8). Processing techniques required of
fabricators using the lower temperature curing (Reference 32) and
the higher temperature curing (Reference 33) phenolic, resorcinol
and melamine adhesives are also available.
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MIXED WOOD ASSEMBLY ADHESIVES

Many adhesives suitable for strictly wood joints fail to adhere
other materials to wood or give weak joints. Wood is a porous sub-
stance. The adhesive soaks into the pores of the wood and holds
the joint together, in part, mechanically, by strong fingers of glue.
Simultaneously, the fingers of glue react with the surfaces they
contact, providing intermolecular forces which further add to the
strength of the joint. However, when an adhesive contacts nonporous
substances such as metals, etc., the mechanical adhesion is small.
Only the intermolecular forces are significant. Many straight wood
adhesives do not possess the chemical requirements to bond other
materials. For example, they do not wet the surfaces adequately
and therefore can not sufficiently contact the surface to chemically
react, if indeed they do. Further, the adhesive may not be suffi-
ciently elastic to distribute the stresses encountered in service
when two dissimilar substances are joined. Finally, they may not
possess desirable processing or performance properties for a spe-
cific joint. Consequently, adhesives for these situations are com-
pounded for specific dissimilar material joints.

Thus, adhesives for these assemblies are best classified for
the user according to the specific joints they can effect. These are
for wood/metal, wood/paper, wood/leather, wood/plastics, wood/
cotton fabric and wood/plaster or concrete joints.

Wood /Metal

There are a number of adhesives available for bonding wood to
metal. Casein-latex, vinyl-phenolics, nylon-phenolics, rubber-phe-
nolics, epoxies and two-stage adhesive systems consisting of a
metal primer and a straight wood working glue such as wrea, phe-
nolic, resorcinol or melamine are typical.

However, unlike straight wood assembly adhesives, metal/wood
adhesive specifications do not give the chemical composition since
they are considerably more complex and, therefore, difficult to spe-
cify in measurable terms. These specifications, nevertheless, class-
ify the adhesives according to intent: structural or nonstructural.

Structural wood/metal adhesives (Reference 9) are used in both
nonsandwich and sandwich panel constructions carrying primary
loads. Nonstructural wood/metal adhesives are used where external
loads are relatively small. They are suitable for adhering wood in-
sulation, such as cork, to metals (Reference 10) and chipboard to
terneplate, tinplate and zincplate, the latter where water, oil, and
mold resistance is not required (Reference 11).

Wood /Paper

Many of the room temperature curing, straight wood assembly
adhesives can be used to affix paper to wood. However, there are
adhesives which have been specifically compounded for this pur-
pose. They are predominantly used in labeling operations. Gum
arabic (Reference 12), sodium silicate (Reference 13), cellulose
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nitrate (Reference 14), vamish (Reference 15) and compounded mix-
tures (Reference 16) are typical ones used. Chapter 8 lists the ad-
hesives used specifically for labeling purposes.

Wood/Leather

Leather can be adhered to wood using polyvinyl acetate (Ref-
erence 17) and solvent-based neoprene cements (Reference 18).
However, polyvinyl acetate emulsion compounded for straight wood
bonding has also been found suitable for this purpose (Reference 2).

Wood/Plastic

Wood/Plastic joints are effected with many adhesives. Typical
are: (1) the ureas (Reference 4), (2) phenolic, resorcinol and mela-
mine base adhesives (References 7, 8) and (3) the solvent-base-
neoprenes (Reference 18). Unfortunately, specifications covering
the first two groups of adhesives do not quote mechanical properties
to be expected from these joints. These have to be developed ex-
perimentally. Nevertheless, of these two groups, the urea bonded
joints are expected to have inferior moisture resistance.

Wood/Cotton Fabric

Cotton fabric and other cellulosic materials can be adhered
with room temperature curing, straight wood adhesives, cellulosics,
rubber and synthetic resin adhesives. However, oleoresins have
been specifically compounded for this purpose (Reference 19).
Wood/Plaster or Concrete

Wood is sometimes bonded to plaster or concrete in architec-
tural applications. The adhesives are mixtures containing com-
pounded bitumens, vinyl emulsions, synthetic resins or rubbers,
etc. Wood/plaster or concrete adhesives are used to adhere pre-
fabricated acoustical materials to inside walls and ceilings of rooms
(Reference 20) and the bonding of cork carpets to concrete, wood,
etc. but not steel flooring (References 21, 22).

GENERAL PURPOSE ADHESIVES

General purpose adhesives are unusual. They have the pro-
perty of adhering practically any combination of materials providing
joints ranging from weak temporary bonds to those suitable for mod-
erate structural loads. Typical are acrylic, epoxy, rubber and vinyl
adhesives. It is interesting to note that none of the specifications
covering these adhesives use wood as an adherend to define the
adhesive properties. Nevertheless, each specification claims suit-
ability for wood. Consequently, allowable design values must be
obtained for each wood joint utilizing any of these adhesives.
Acrylic Adhesive

General purpose acrylic adhesive consisting of cyanoacrylate
monomer is intended for the rapid bonding of porous and non-porous
surfaces (Reference 23). The adhesive is exceedingly expensive,
and the bonds are not completely waterproof. It should be used only
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in cases where high speed, room temperature curing is the prime
consideration.
Epoxy Adhesives

There are two general purpose epoxy adhesives, one offering
an option on curing conditions (Reference 24), and the other for room
temperature curing operations, although curing at 160 F is accept-
able (Reference 25). These adhesives are suitable for structurally
joining wood to itself and to metals, glass and plastics.

There is an additional epoxy adhesive which is intended solely
for metal bonding, but experience has shown it can be used for spe-
cialized wood bonding applications (Reference 26). This adhesive,
accordingto type, has outstandingresistance to elevated temperature.

The processing techniques required of fabricators using epoxy-
structural adhesives are available (Reference 34).

Rubber Adhesives

There are three rubber base adhesives for general purpose bond-
ing work. The first is for bonded joints which are subjected only
to air, water or oil immersion (Reference 27). The second, depending
on type, can also resist gasoline (Reference 28). The third is spe-
cifically for applications where contact with aromatics (toluene) is
expected (Reference 29).

Vinyl Adhesive

General purpose vinyl adhesive consisting of 22-6% polyvinyl
alcohol-acetate in toluene is intended for bonding of impervious
surfaces such as metals, phenolics, ureas, cellulose nitrate and
acetate sheets (Reference 30). However, it is also effective with
wood, paper and cloth.

BIBLIOGRAPHY
Straight Wood Assembly Adhesives

Interior Adhesives

1. MMM-A-100 Adhesive, animal-glue, 10 December 1963. No QPL.
2. MMM-A-193 Adhesive, vinyl acetate resin emulsion, 25 August 1959.
No QPL.
Semidurable Adhesives

3. MMM-A-00125 Adhesive, casein type, water and mold resistant, 1 July
1963. No QPL.

4. MMM-A-188 Adhesive: urea-resin-type (liquid and powder), 8 November
1960. No QPL.

Weatherproof Adhesives

5. MIL-A-5534 Adhesive; high-temperature setting resin (phenol, mela-
mine and resorcinol base), 15 June 1951. No QPL.

6. MIL-A-22397 Adhesive, phenol and resorcinol resin base (for marine
service use), 8 September 1960. Has QPL.
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7. MIL-A-46051 Adhesive, room-temperature and intermediate-temperature
setting resin (phenol, resorcinol and melamine base), 20 November
1961. Has QPL.

8. MMM-A-00181 Adhesive, room-temperature and intermediate-temperature
setting resin (phenol, resorcinol and melamine resin), 9 March 1964.
No QPL.

Mixed Wood Assembly Adhesives
Wood/Metal
Structural
9. MIL-A-928 Adhesive; metal to wood, structural, 31 March 1955. Has
QPL.

Non-Structural

10. gIL-A-18065 Adhesive, high initial bond, 17 December 1959. Has
PL.

11. MIL-A-45059 Adhesive for bonding chipboard to temeplate, tinplate,
and zincplate, 24 April 1958. No QPL.

Wood/Paper
12. JJJ-A-20 Acacia, technical (gum arabic), 24 January 1958. No QPL.
13. 0-5-605 Sodium silicate solutions, 1 September 1960. No QPL.
14. MIL-A-388 Adhesive and sealing compounds, cellulose nitrate base,
9 June 1959. No QPL.
15. MIL-A-3941 Adhesive, paper label, water-resistant, 19 March 1959. No
QPL.
16. MIL-V-6093 Varnish, decalcomania, adhesive, 4 April 1961. Has QPL.
Wood/L eather
17. MMM-A-180 Adhesive, polyvinyl acetate resin emulsion (alkali dis-
persible), 1 July 1963. No QPL.
Wood/Plastics
18. MMM-A-00130 Adhesive, contact, 2 October 1961. No QPL.
Wood/Cotton Fabric
19. MIL-G-413 Glue, marine, and aviation marine (waterproof), 7 August
1952. No QPL.

Wood/Plaster or Concrete

20. MMM-A-00150 Adhesive for acoustical materials, 3 October 1962. No
QPL.

21. 0-P-106 Paste, linoleum, 17 October 1939, No QPL.

22. MMM-A-00137 Adhesive, linoleum, 11 February 1963. No QPL.

General Purpose Wood Adhesives

Aerylic

23. MIL-A-46050 Adhesive, special; rapid room temperature curing, sol-
ventless, 16 July 1963. No QPL.

Epoxy

24, MIL-A-8623 Adhesive, epoxy resin, metal to metal structural bonding,
23 September 1960. Has QPL.

25. MIL-A-14042 Adhesive, epoxy, 17 July 1959. No QPL.

26. MIL-A-005090 Adhesives, heat resistant, airframe structural, metal to
metal, 22 April 1963. Has QPL.

Rubber
27. MIL-C-4003 Cement; general purpose, synthetic base, 19 March 1954.
Has QPL.

28. MIL-A-5092 Adhesive, rubber (synthetic and reclaimed rubber base),
27 August 1952. Has QPL.
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29. MIL-A-13883 Adhesive, synthetic-rubber (hot or cold bonding), 7 No-
vember 1960. No QPL.

Vinyl

30. MIL-C-18726 Cement, vinyl alcohol-acetate, 11 June 1956. No QPL.

Adhesive Process Specifications

31. MIL-G-6803 Gluing, application of cold-setting resin (urea type), 25
July 1961.

32. MIL-A-5433 Adhesive, application of room-temperature and intermedi-
ate-temperature setting resin (phenol, resorcinol, and melamine base),
30 November 1954.

33. MIL-A-5535 Adhesive, application of high-temperature-setting resin
(phenol, melamine and resorcinol base), 12 March 1951.

34, MIL-A-9067 Adhesive bonding, process and inspection requirements
for, 16 March 1961.
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5. RUBBER ADHESIVES

In the design and construction of equipment, it sometimes be-
comes necessary to join rubber to itself as well as to other com-
ponents, such as metals, plastics, etc. The choice of adhesive is
in part predicated by the type of rubber to be bonded and in part by
the environmental conditions to be imposed on the bonded composite.

There are currently many rubbers suitable for selected con-
ditions (see Table I). However, each rubber can be bonded only
with specific adhesives. These adhesives can be conveniently cat-
alogued for the user into the following categories: (1) straight rub-
ber assembly adhesives, (2) mixed rubber assembly adhesives for
joints such as rubber/paper, rubber/metal, etc., and (3) general
purpose rubber bonding adhesives.

STRAIGHT RUBBER ASSEMBLY ADHESIVES

Adhesives for rubber to rubber bonding can be classified using
many systems. However, a classification based on the type of rubber
that can be bonded is currently more suitable for the engineer. This
system covers the bonding of natural, butyl, nitrile, silicone and
heterogeneous rubber combinations, including the neoprenes and SBR
rubbers.

Natural Rubber

Natural rubber has been replaced by its synthetic counterparts
for many applications. However, there are a number of applications
where the use of natural rubber is still satisfactory.

One of the largest single uses is in aircraft tires, including the
inner tubes and pneumatic cases. Two adhesives (Reference 1) are
employed for the bonding and repair of these natural rubber base
components. The first adhesive is a vulcanizing cement intended
for capping, retreading and vulcanized repairs of casings and inner
tubes. This adhesive does not contain any reclaimed or synthetic
rubbers. It cures during the vulcanization of the adherends, which
is usually in 45 minutes between 260 and 280 F. The second ad-
hesive is a room temperature curing cement used in conjunction
with cured-back, uncured-front repair patches for inner tubes.

There is an additional natural rubber base cement for room
temperature bonding work (Reference 2). It provides a peel strength
of at least 5 pounds per inch of width.
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Butyl

Butyl rubber exhibits very low air permeability. As a conse-
quence, it is not surprising that it finds extensive use in pneumatic
constructions, notably automotive inner tubes. Two adhesives are
available for effecting bonds at room temperature on butyl adher-
ends (References 3, 4). Both adhesives, however, are based on
natural rubber. The latter (Reference 4) is also effective for bonding
natural rubber.

Nitrile

Nitrile rubber has excellent resistance to aromatic fuels. An
adhesive is available for bonding nitrile rubber intended for severe
service conditions such as those encountered in fuel cell applica-
tions (Reference 5).

This liquid, brushable adhesive is a one-part system which air
cures at room temperature under contact pressure. This adhesive
retains at least 60% of its initial strength after one week immersion
in aromatics.

Silicones

Silicone rubber possesses excellent resistance to both low
and high temperatures. Adhesives are available for bonding sili-
cones, as well as silicones to metals (Reference 6); the latter are
covered subsequently under mixed rubber assemblies. These ad-
hesives are either one or two-part systems which cure at room temp-
erature under contact pressure.

Heterogeneous Rubber Adherends

There are certain adhesives which are not specific for any one
type of rubber. These are the heterogeneous rubber adhesives.

One of the largest single uses for these joining materials is
in the rubber tire industry. Unlike the previously described adhe-
sives which are specific for either natural (References 1, 2, 3) or
butyl (References 3, 4) rubbers, these bonding materials can be used
interchangeably with natural, SBR and butyl rubbers. Two types
are available (Reference 7). The first, a vulcanizing cement con-
sisting of a natural rubber base, is cured during the vulcanization
of the adherends, usually at 280 F for 45 minutes. The second is
a cold cure cement intended only for repairing inner tubes.

Other heterogene ous rubber adhesives are suitable for bonding
neoprene rubber coated fabrics (Reference 8). They provide reliable
high joint strengths, making them suitable for the manufacture and
repair of airships, rubber boats and life saving equipment. These
adhesives, according to type, are available in both the room temp-
erature and elevated temperature curing varieties.

There are two additional lower strength heterogeneous rubber
adhesives. The first is for bonding vulcanized SBR, nitriles and
neoprenes to natural or synthetic rubber using room temperature
cures under contact pressure (Reference 9). The second is for mak-
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Adhesive Materials, Their Properties and Usage

ing both vulcanized and unvulcanized bonds of natural, SBR and
neoprene to natural and synthetic rubber (Reference 10). The wul-
canized bonds are made at 310 F for 30 minutes under 500 psi pres-
sure, and the unvulcanized bonds are achieved under contact pres-
sure after 30 minutes at room temperature.

There is further a specialty adhesive based on sodium silicate
specifically for surface coating compression rubbers on intaglio
presses to prevent listing of printing sheets (Reference 11).

MIXED RUBBER ASSEMBLY ADHESIVES

Adhesives are compounded for specific dissimilar rubber joints.
These are best classified for the user according to the specific
joint they can effect. These are for rubber/paper, rubber/metal and
rubber/fabric joints. :
Rubber/Paper

An adhesive has been specifically compounded for adhering
paper, especially labels, to rubber (Reference 12). It is brushable,
dries tack-free in 5 minutes and hard in no more than 16 hours. The
adhesive does not cause bleeding, smearing, or running of stencil
ink (TT-I-559), colored borders of labels or discoloration of paper
stock. The adhesive film resists water, oil, subnormal and elevated
temperatures, weathering and is flexible.

This adhesive can also adhere paper to soft wood, fiberboard,
* black or galvanized iron, glass, tin and enamel painted metal.

Rubber/Metal

Two adhesives are available for bonding rubber to metal. The
first is for bonding neoprene, SBR and nitrile rubbers to steel (Ref-
erence 13). It is brushable, cures at room temperature and finds
particular usage in bonding rubber coated gaskets to steel. It re-
sists salt water, but it is not particularly useful at elevated temp-
eratures.

The second is suitable for bonding silicone rubbers to alu-
minum where it is not possible to use heat and pressure to effect
a cure (Reference 6). The adhesive is suitable for high moisture,
oil or elevated temperature environments.

Rubber/Fabric

Natural rubber base adhesives are used for adhering (1) fabrics
to fabric reinforced rubber as well as (2) fabric reinforced rubber
to fabric reinforced rubber, especially in the manufacture of air-
ships, balloons, pneumatic life rafts and life jackets (Reference 14).
The adhesive is available in three types. The first type is self
curing and is intended for use during manufacturing operations. The
second type, air drying, is for emergency repairs, and the third type,
self curing, is for permanent repairs. A separate catalyst is used
with the first and third types and is incorporated in the second type.
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GENERAL PURPOSE ADHESIVES

General purpose adhesives are capable of adhering practically
any combination of materials, providing joints ranging from weak
temporary bonds to those suitable for moderate structural loads.
Typical are rubber, acrylic and epoxy adhesives. For the bonding
of rubber, a classification system defining flexibility of the bond
is helpful. The rubber base adhesives provide flexible joints, the
acrylics and epoxies rigid joints. It is interesting to note that none
of the rigid joint adhesives and some of the flexible joint adhesives
do not use rubber adherends to define the expected adhesive pro-
perties. Nevertheless, experience has shown that they can bond
rubber. However, allowable design values should be determined
experimentally for each joint.

Flexible Bonds

Flexible bonds are achieved with the rubber base adhesives.
There are six types available, four of which offer environmental
resistance options, for general purpose bonding work.

The first is for bonding cotton duck, neoprene and polyvinyl
chloride to aluminum which will be subjected to air, water and oil
environments (Reference 15). It is not intended for manufacture and
repair of aircraft, life rafts, etc. In these cases, the adhesives pre-
viously discussed should be used (References 8, 14).

The second is for bonding cotton duck, leather, felt, cork, vi-
nyls and similar materials to themselves and to aluminum, steel,
wood, laminates, rubber, etc., which according to grade can also
resist gasoline (Reference 16).

The third is for bonding steel, cotton duck, explosives, rubbers,
etc., where contact with aromatics is expected (Reference 17).

The fourth is for bonding fabric and synthetic rubber to plas-
tics and metals where good resistance to lubricating oil and fair
resistance to aromatic fuels is needed {Reference 18).

The fifth is for the manufacture of tents. It is available in lig-
uid and tape form (Reference 19).

The sixth is intended primarily for patching of tents. It is also
a liquid, brushable nitrile base adhesive (Reference 20).

Rigid Bonds

Rigid bonds are achieved with the acrylic and epoxy adhesives.

Acrylic Adhesive. This adhesive consisting of cyanoacrylate
monomer is suitable for the rapid bonding of both porous and nonpor-
ous surfaces (Reference 21). The adhesiveis exceedingly expensive,
and the bonds are not completely waterproof. It should be used only
in cases where high speed, room temperature curing is the prime
consideration.

Epoxy Adhesives. There are two general purpose epoxy ad-
hesives, one offering an option on curing conditions (Reference 22)
and the other for room temperature curing operations, although cur-
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ing at 160F is acceptable (Reference 23).

There is a third epoxy adhesive which is intended solely for
metal bonding, but experience has shown it can be used for spe-
cialized rubber bonding applications (Reference 24). This adhesive,
according to type, has outstanding resistance to elevated tempera-
ture.

The processing techniques required of fabricators using epoxy
structural adhesives are available (Reference 25).
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6. PLASTICS ADHESIVES

There are two fundamental types of plastic materials: The
thermoplastics and the thermosets. The thermoplastics, analogous
to metals and waxes, melt under the application of heat and, like
waxes, are soluble in selected solvents. The thermosets, on the
other hand, are infusible under the action of heat and insoluble in
the presence of solvents, although some may swell slightly.

The thermoplastics, because of the heat and solvent sensitivity,
may be joined by heat or solvent welding, as well as by conventional
adhesive bonding technology. The thermosets, because of their
infusibility and insolubility, can be only joined with adhesives.
Table I gives a list of the common thermoplastic and thermosetting
materials.

Adhesives for bonding of plastics can be conveniently cata-
logued into three general categories. The first is for straight plastic
assemblies; the second, for specific mixed plastic assemblies; and
the third, for general purpose bonding applications.

STRAIGHT PLASTIC ASSEMBLY ADHESIVES

Straight plastic assembly adhesives are designated by the type
of adherend to be joined, such as thermoplastic or thermosetting,
Under this system, the thermoplastics can be joined by heat welding,
solvent welding and adhesive bonding techniques and the thermosets
only by adhesive bonding techniques.

Thermoplastics

Heat Welding. This technique produces joints approaching or
equal to the strength of the parent plastic. The technique, similar
to welding of metals, consists of heating the plastic adherends
sufficiently with or without pressure until fusion occurs and then
allowing the joint to cool.

Three techniques for applying the heat are used. The first, hot
gas welding, consists of blowing hot gases against the plastic as-
sembly and a plastic welding rod, usually of the same material as
the parent plastic. The welding rod material melts and subsequently
fuses with the assembly, yielding the finished joint. Some materials,
such as the olefins, require inert gases to prevent breakdown of
the plastic. Polyvinyl chloride, polyethylene, polypropylene, nylon
and polyoxymethylenes can be joined using this technique.
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TABLE 1. COMMON THERMOPLASTIC AND THERMOSET PLASTICS

THERMOPLASTIC THERMOSET
Acrylics Alkyds (1)
Cellulosics Epoxies
Cellophane Furanes
Cellulose acetate Melamines
Cellulose acetate butyrate Phenolics (1)
Cellulose nitrate . Polyesters
Olefins Resorcinols
Polyethylene Silicones
Polypropylene TAC polyesters
Polyamides Ureas (1)
Nylon
Polyesters
Mylar
Polyvinyls
Polystyrene

Polytetrafluoroethylene (Teflon)
Polytriﬂuoromonochloroethylene (Kel F)
Polyvinyl alcohol
Polyvinylbutyral
Polyvinyl chloride
Polyvinyl fluoride
Polyvinylidenes
Polyvinylidene chloride

(1) Thermoplastic varieties are available.

The second, heat sealing, consists of simultaneously dielec-
trically heating and applying pressure. The joint is effected in
seconds. Most thermoplastics, with the exception of uncoated cel-
lophane and polyethylene terephthalate (Mylar), can be sealed by
this technique.

The third, spin welding, a specialized technique for joining
cylindrical objects, consists of heating through friction induced by
spinning one plastic adherend against another.

Table II gives the heat welding temperature ranges for ther-
moplastic materials.

Solvent Welding. This technique consists of introducing a sol-
vent between the surfaces of the assembly, which makes the plastic
soluble, and then allowing the solvent to evaporate slowly, leaving
a consolidated joint. In some instances the solvent is embedied
with the plastic to be bonded to provide better working characteris-
tics and joints. These are called embodied cements or dopes. Ta-
ble III gives a list of solvent weldable plastics with their suitable
solvents. Applicable specifications covering these solvents are
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also given; however, since these specifications cover the solvent
rather than bonding with these materials, they are not covered in

Part II.

TABLE II. HEAT-WELDING TEMPERATURE RANGES FOR THERMO-
PLASTIC MATERIALS

FILM TYPE RANGE (°F)
Cellophane (coated) 200 — 350
Cellulose acetate 400 — 500
Chlorotrifluoroethylene (Kel F) 415 — 450
Polyester (coated) 490

Polyethylene 250 — 375
Polystyrene (oriented) 220 — 300
Polyvinyl alcohol 300 — 400
Polyvinyl chloride and copolymers, nonrigid 200 — 400
Polyvinyl: chloride and copolymers, rigid 260 — 400
Polyvinyl chloride nitrile rubber blend 220 — 350
Polyvinylidene chloride 285

Rubber hydrochloride 225 — 350
FEP (fluorinated ethylene-propylene copolymer) 600 — 750
TFE (tetrafluoroethylene polymer) (1) 700

CFE (chlorotrifluoroethylene polymer) (2) 420 — 440

(1) 35 psi bonding pressure is used plus a two hour afterbake at 30 F above
maximum temperature service.

(2) 25—75 psi bonding pressure is used with a flux consisting of a mixture
of CFE and fluorocarbon oil.

Courtesy: Materials in Design Engineering and The Society of
the Plastics Industry.

Adhesive Bonding. Thermoplastic materials are joined by ad-
hesive bonding. Typical are acrylic, cellulose, polyethylene, poly-
vinyl chloride, polyester and polystyrene plastics.

Acrylics are joined with two adhesive materials. Both are based
on methyl methacrylate. However, one contains methylene chloride
as a solvent to help soften the heat resistant acrylic varieties (Ref-
erence 1). The second is for the straight acrylics and contains no
solvent (Reference 2).It can be used for the heat resistant acrylics,
but has less desirable processing characteristics than the former
adhesive.

Polyethylene is bonded with pressure-sensitive adhesive tapes
commonly used for insulating polyethylene coated wires (Reference 3).
The tape is activated by stretching it 100% and applying it to the
polyethylene assembly. Fusion occurs in a few minutes.
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TABLE III.

Plastics Adhesives

SOLVENT WELDING OF THERMOPLASTIC MATERIALS

THERMOPLASTIC
MATERIAL (1)

APPLICABLE SOLVENTS

SOLVENT
SPECIFICATION (2)

Acrylic

Cellulose
Acetate

Cellulose
Nitrate

Ethyl
Cellulose

Polyamides

Polyvinyls
Polystyrene

Solvent Type
(1) Glacial acetic acid
(2) Methylene chloride
Dope Type
(1) Methyl methacrylate

Methylene chloride

Solvent Type

(1) Acetone

(2) Cellosolve acetate

(3) Ethyl acetate

(4) Methyl cellosolve

(5) Methyl ethyl ketonge
Dope Type

(1) Cellulose acetate

Methy!l cellosolve
Methyl ethyl ketone
Solvent Type
(1) Butyl acetate
(2) Diacetone alcohol
(3) Ethy! lactate
(4) Methyl ethyl ketone
Dope Type
(1) Cellulose nitrate
Diacetone alcohol
Solvent Type
(1) Butyl alcohol
(2) Ethyl acetate
(3) Ethyl alcohol
(4) Ethylene chloride
Dope Type
(1) Ethyl cellulose
Ethyl acetate
Ethylene chloride
Solvent Type
(1) Formic acid
(2) Phenol
Dope Type
(1) Polyamide

Formic acid
Solvent Type
(1) Ethyl naphthalene
(2) Toluene
(3) Trichloroethylene
Dope Type
(1) Polystyrene
Toluene

50%
50%

15%

25%
60%

10%
90%

10%
45%
45%

10%
90%

10%
90%

0-A-76

MIL-P-16413 or
MIL-M-10851

0-A-51
TT-E-751
TT-M-261

MIL-P-14118 or
MIL-P-16416

TT-M-261

TT-B-838
0-D-306

TT-M-261

L-P-365
0-D-306

TT-B-846
TT-E-751
0-E-760
MIL-E-10662

MIL-E-10853
TT-E-751
MIL-E-10662
0-P-281

MIL-P-3086 or
MIL-P-17091

TT-T-548
0-T-634

L-P-515
TT-T-548
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TABLE III. Solvent Welding of Thermoplastic Materials (Continued)

THERMOPLASTIC SOLVENT
MATERIAL (1) APPLICABLE SOLVENTS SPECIFICATION (2)
Polyvinyl Solvent Type
Alcohol (1) Water -
Dope Type
(1) Polyvinyl alcohol 5% MIL-P-265
Water 85% -
Glycerol 10% 0-G-491
Polyvinyl Solvent Type
Chloride (1) Ethyl acetate TT-E-751
(2) Methyl ethy! ketone TT-M-261

(3) Methylene chloride —
(4) Cyclohexanone —
(5) Tetrahydrofuran —

Dope Type
(1) Polyvinyl chloride 15% L1.-M-530 or
MIL-P-20307
Dioxane 15%

Methyl ethyl ketone  70% TT-M-261

(1) Olefins, polyesters (Mylar), polytetrafluoroethylene (Teflon), polytri-
fluoromonochloroethylene (Kel F) and polyvinyl fluoride cannot be sol-
vent welded. Bonding is achieved by etching the material followed by
conventional adhesive bonding technology.

(2) Specifications are tabulated in Appendix B.

Cellulosics, such as cellulose nitrate and cellulose acetate,
are bonded with cellulose nitrate base adhesives (Reference 4).
They are flammable, compatible with ammunition and can also join
glass, leather, metals and textiles.

Polyester and polystyrene are bonded with styrene monomer
(Reference 5). This adhesive shrinks considerably during cure, re-
sulting in sirain lines which may be objectionable in optical ap-
plications. It is usually modified with other resins to reduce this
objectionable characteristic.

Polyvinyl chloride is one of the most widely used plastic ma-
terials. Applications range from plumbing pipe lines to protective
covers such as raincoats. Polyvinyl chloride and rubber base ad-
hesive materials are used for bonding these plastics. Plumbing
lines use polyvinyl chloride adhesives which yield joints capable
of sustaining 500 psi hydrostatic pressure (Reference 6). Vinyl
coated fabrics can use polyvinyl chloride (Reference 7), synthetic
rubber (Reference 7), vinyl-phenolic modified nitrile rubber (Ref-
erence 8) and polyvinyl chloride modified nitrile rubber (Reference 9)
base adhesives for bonding work. They are all room temperature
curing.
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Thermosetting Plastics

Many thermosetting plastics are reinforced with fabrics to im-
prove their mechanical properties. These laminates use paper, cot-
ton, glass and asbestos reinforcement with polyester, epoxy, phe-
nolic, etc., resins. Adhesives are available specifically for one
combination of materials as well as those intended for bonding any
combination of these laminate materials. Nevertheless, the adhe-
sives for specific laminate materials will bond other combinations;
however, exact design values have to be established experimentally
for each combination.

Phenolic, resorcinol, melamine and furane base adhesives are
used for bonding cotton fabric reinforced phenolic laminates (Ref-
erence 10). These adhesives, dependent on type, can be cured at
room temperature, intermediate temperature (90-180 I up to five
hours) and high temperature (180-350 F up to one-half hour). Shear
strengths range between 1000 and 1800 psi. No loss in strength
occurs by immersion in 180 F water for periods as long as 24 hours.

Phenolic, melamine and resorcinol base adhesives used for
bonding wood can also be used for bonding rigid plastic laminates
(References 12, 13). They can, again dependent on type, be cured
at room temperature and at intermediate temperatures (95-190 F up
to five hours). Exact design values must be determined for each
laminate combination chosen.

Epoxy adhesives are available for bonding glass fabric rein-
forced polyesters where peel or cleavage loads are not expected
(Reference 11). The adhesives are room temperature curing and have
a shear strength of at least 1360 psi at room temperature. They
should not be used above 200 F because of their significant loss
of strength at higher temperatures.

SPECIFIC MIXED PLASTIC ASSEMBLY ADHESIVES

Whenever dissimilar materials are to be joined, the coefficients
of expansion as well as the reactivity of the individual components
are important considerations. However, the user has available ad-
hesives specifically formulated for a particular type of joint. Those
joints are plastic/wood, plastic/metal and plastic/plaster.
Plastic/Wood

Plastic laminate materials are bonded to wood generally for
decorative purposes. Two fundamental types of adhesives are a-
vailable. These are the contact adhesives providing rapid assembly
and the slower assembly adhesives offering options on durability.

The contact adhesives, which are neoprene rubber base, re-
quire considerable caution in placing the laminate material since
it will not slide for adjustment (Reference 14). This adhesive can
also bond leather, wood, fabrics, unglazed ceramics, hardboard,
carpet and core bases.

The slower assembly adhesives eliminate the problem of fitup
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techniques introduced by the neoprene base contact adhesives. The
urea base adhesives offer only moderate resistance to water (Ref-
erence 15). They are available as one or two component systems;
the latter require mixing prior to use. The phenolic, resorcinol and
melamine base adhesives offer significant resistance to moisture
and make durable, weatherproof joints (References 12, 13). They
are also available as one or two part systems.

The processing techniques required of fabricators using these
slower assembly adhesives are available (References 38, 39).

Plastic/Metal

Thermoplastic materials, such as acrylic, cellulose nitrate and
polystyrene are joined to metals for optical, decorative, corrosion
prevention and insulation purposes. The thermosetting plastic lam-
inates are joined to metals for predominantly decorative and struc-
tural purposes.

Thermoplastics. Acrylic plastics because of their transparency
are used in many optical applications. Acrylic canopies employed
on aircraft and to a much lesser extent on boats and cars are in-
stalledin the metal substructure cushioned with a cork filled, sponge
rubber, pressure-sensitive adhesive tape (Reference 16). On optical
instruments, acrylic plastics are bonded to metal with polysulfide
base adhesives (Reference 17) and the joint sealed with a noncuring
polysulfide base adhesive (Reference 18).

Cellulose nitrate film is bonded to metal with reclaimed rubber
base adhesives for both decorative and corrosion prevention pur-
poses (Reference 19).

Cellular polystyrene is used for insulating metal against heat
and cold. Isocyanate base adhesives activated with water are suit-
able for this purpose (Reference 20). However, good ventilation is
required with this adhesive to reduce toxic hazards to personnel.

Thermosetting Plastics. Decorative plastic laminates are bond-
ed to metals with neoprene-modified, phenolic base adhesives (Ref-
erence 21). They are particularly adaptable for adhering plastic
tabletops to aluminum tables. The aforementioned contact adhesives
can also be used for this purpose (Reference 14).

Epoxy laminates for moderate load structural purposes are
joined to metals with room temperature curing polyester base ad-
hesives even when mismatches and voids up to 0.020 inches must
be bridged (Reference 22). The adhesive is thixotropic and will
stay where it is laid, regardless of whether application is to a ver-
tical or horizontal surface.

Plastic/Plaster

Bare and painted plaster bathroom and kitchen walls are sub-
ject to constant moisture and high humidity. Polystyrene tiles are
occasionally used in these areas; they are laid with adhesive and
the joints' grouted (Reference 23). The adhesive has sufficient wet
strength to keep the tiles from slipping on a vertical surface or fall-
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ing from an overhead position during installation. It will also adhere
these tiles to wood and concrete surfaces.

GENERAL PURPOSE PLASTIC ADHESIVES

There are a number of adhesive systems which are not specific
for particular materials. They can be used with many plastic and
nonplastic material combinations. However, where significant load
carrying requirements are necessary, allowable design values must
be determined. The acrylics, cellulose nitrate, epoxies, rubber and
vinyl adhesives are suitable for these general purpose bonding ap-
plications.

Acrylic Adhesive

General purpose acrylic adhesive consisting of cyanoacrylate
monomers is suitable for the rapid bonding of both nonporous and
porous surfaces (Reference 24). The adhesive is exceedingly ex-
pensive, and the bonds are not completely waterproof. It should be
used only in cases where high speed, room temperature curing is
the prime consideration.

Cellulose Nitrate Adhesive

General purpose cellulose nitrate adhesive, commonly known
as household cement, is used for repairing of plastics, cloth, wood,
paper, china, glass, metal, leather and the anchoring of glass, metal .
and plastic laboratory equipment (Reference 25). They are flammable
and cure at room temperature.

Epoxy Adhesives

General purpose epoxy adhesives for plastic and nonplastic
material combinations are available for both electrical and structural
applications.

The epoxy adhesives for electrical applications offer options
on curing conditions. The room temperature curing variety is suit-
able for service up to 185 I (Reference 26), the intermediate temp-
erature curing variety up to 250 F' (Reference 27) and the high temp-
erature curing variety up to 500 I (Reference 28). These adhesives
are capable of bonding aluminum, corrosion-resistant steel, brass
and many thermoset plastic materials.

The epoxy adhesives for structural applications offer options
on curing conditions, temperature resistance and adaptability to
sandwich constructions.

There are two general purpose epoxy adhesives: one offering
an option on curing conditions (Reference 29) and the other for room
temperature curing operations, although curing at 160 F is acceptable
(Reference 30). Both have moderate temperature resistance.

A third epoxy adhesive is intended solely for metal bonding,
but experience has shown it to be suitable for specialized plastics
bonding. It has, dependent on type, outstanding resistance to temp-
eratures as high as 500 F (Reference 31).

A fourth general purpose epoxy adhesive is intended for fab-
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ricating sandwich type structures from thin facing sheets and rela-
tively thick honeycomb cores (Reference 32). This adhesive offers
options on curing conditions and also has, dependent on type, out-
standing resistance to temperatures as high as 500 F,

The processing techniques required of fabricators using epoxy
adhesives are available (Reference 40).

Rubber Adhesives

There are four rubber base adhesives for general purpose bond-
ing work, each offering specific environmental resistance options.

The first is for bonding cotton duck, neoprene and polyvinyl
chloride to aluminum which will be subject to air, oil and water
exposure (Reference 33).

The second is for bonding cotton duck, leather, felt, cork, vi-
nyls, steel, wood, plastic laminates, rubber, etc., which according
to type can resist gasoline (Reference 34).

The third is for bonding steel, cotton duck, explosives, rubber,
plastic laminates, etc., where contact with aromatics (toluene) is
expected (Reference 35).

The fourth is for bonding fabric and synthetic rubber to plas-
tics and metals where good resistance to lubricating oil and fair
resistance to aromatic fluids is needed (Reference 36).

Vinyl Adhesive

General purpose vinyl adhesive consisting of 22-26% polyvinyl
alcohol-acetate in toluene is intended for bonding of metals, phe-
nolics, ureas, cellulose nitrate, cellulose acetate, wood, paper and
cloth (Reference 37). The adhesive produces strong, impact-resistant

bonds.
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4. MIL-A-11238 Adhesive, cellulose nitrate (for ordnance use), 18 Sep-
tember 1962. No QPL.

5. MIL-5-14195 Styrene monomer, 22 November 1955, No QPL.

6. MIL-A-22010 Adhesive, solvent type, polyvinyl chloride, 9 june 1961.
No QPL.

7. MIL-A-22611 Adhesive, for polyvinyl chloride-coated cloth, 18 August
1960. No QPL.

8. MIL-A-52222 Adhesive, for repair of poncho lightweight with hood,
14 May 1962. No QPL.
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9. MIL-A-52264 Adhesive, synthetic-rubber; nitrile-rubber and vinyl-resin
base (for bonding prefabricated airfield and road surfacing membrane),
15 January 1963. No QPL.

Thermoset Plastics

10. MIL-A-927 Adhesive: synthetic resin (for phenolic laminates), 16
September 1952. Has QPL.

11. MIL-A-52194 Adhesive, epoxy (for bonding glass reinforced polyester),
22 January 1963. No QPL.

12. MIL-A-46051 Adhesive, room-temperature and intermediate-tempera-
ture setting resin (phenol, resorcinol and melamine base), 20 November
1961. Has QPL.

13. MMM-A-00181 Adhesive, room-temperature and intermediate-tempera-
ture setting resin (phenol, resorcinol and melamine resin), 9 March

1964, No QPL.

Specific Mixed Plastic Assembly Adhesives
Plastic/Wood

14. MMM-A-00130 Adhesive, contact, 2 October 1961. No QPL.

15. MMM-A-188 Adhesive: urea-resin-type (liquid and powder), 8 November
1960, No QPL.

Plastic/Metal

16. MIL-T-6841 Tape, adhesive, rubber and cork composition, 12 August
1957. Has QPL.

17. MIL-S-11031 Sealing compound, adhesive: curing (polysulfide base),
7 September 1951. Has QPL.

18. MIL-S-11030 Sealing compound, noncuring, polysulfide base, 28 July
1954. Has QPL.

19. MIL-A-13554 Adhesive for cellulose nitrate film on metals, 26 July
1954. No QPL.

20. MIL-A-46028 Adhesive, flashout, cold-setting (water cured), 29 Janu-
ary 1959. No QPL.

21. MIL-A-21366 Adhesive, plastic table top material to aluminum bond-
ing, 11 May 1960. No QPL.

22, MIL-A-22434 Adhesive, polyester, thixotropic, 7 March 1961. No QPL.

Plastic/Plaster

23, CS 168-50 Polystyrene plastic wall tiles, and adhesives for their ap-
plication, 15 July 1950. Has QPL.

General Purpose Plastic Adhesives

Acrylic

94. MIL-A-46050 Adhesive, special; rapid room temperature curing, sol-
ventless, 16 July 1963. No QPL.

Cellulosic

25. MIL-A-388 Adhesive and sealing compounds, cellulose nitrate base,
9 June 1959. No QPL.

Epoxy

26. AMS 3690 Adhesive compound, epoxy, room temperature curing, 15
January 1960. No QPL.

27. AMS 3691 Adhesive compound, epoxy, medium temperature applica-
tion, 15 January 1960. No QPL.

28. AMS 3692 Adhesive compound, epoxy, high temperature application,
15 January 1960. No QPL.
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29,

30.
31.

MIL-A-8623 Adhesive, epoxy resin, metal to metal structural applica-
tions, 23 September 1960. Has QPL.

MIL-A-14042 Adhesive, epoxy, 17 July 1959. Has QPL.
MIL-A-005090 Adhesives, heat resistant, airframe structural metal to
metal, 22 April 1963. Has QPL.

32. MIL-A-25463 Adhesive, metallic structural sandwich construction, 19
October 1961. Has QPL.

Rubber

33. MIL-C-4003 Cement; general purpose, synthetic base, 19 March 1954,

34.
35.
36.

Has QPL.

MIL-A-5092 Adhesive, rubber (synthetic and reclaimed rubber base)
27 August 1952. Has QPL.

MIL-A-13883 Adhesive, synthetic-rubber- (hot or cold bonding) 7 No-
vember 1960. No QPL.

AMS 3685 Adhesive, synthetic rubber, Buna-N type, 1 December 1951,
No QPL.

Vinyl

37.

MIL-C-18726 Cement, vinyl alcohol-acetate, 11 June 1956. No QPL.

Adhesive Process Specifications

38.
39.

40.
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MIL-G-6803 Gluing, application of cold-setting resin (urea type), 25
July 1961.

MIL~A-5433 Adhesive, application of room-temperature and intermedi-
ate-temperature setting resin (phenol, resorcinol and melamine base),
30 November 1954,

MIL-A-9067 Adhesive bonding, process and inspection requirements
for, 16 March 1961.



7. METAL ADHESIVES

Adhesive bonding of metals is a comparatively recent develop-
ment. The significantly different character of the metal surface does
not lend itself to bonding using adhesives which are commonly em-
ployed for wood, rubber, plastics and paper.

Specialized adhesives have been developed which permit join-
ing of metals. They accomplish bonding by a combination of certain
reactions. The first is usually a prerequisite for structural or high
load bearing joints. It consists of a chemical reaction between the
adhesive and the metal surface, either directly or through an inter-
mediate layer such as copper sulfide in rubber/brass joints. The
second is usually for nonstructural or low load carrying joints. It
consists of secondary bridging resulting from residual energy fields
surrounding each molecule which cause mutual atiraction between
the adhesive and metal substrate.

Currently, adhesives for metals are conveniently classified
into (1) straight metal assembly adhesives, (2) specific mixed metal
assembly adhesives and (3) general purpose metal adhesives.

STRAIGHT METAL ASSEMBLY ADHESIVES

Adhesives for strictly metal assemblies are available for struc-
tural purposes involving high load carrying joints and for nonstruc-
tural purposes where little or no load is imposed on the joint.
Structural Adhesives

These adhesives provide the highest strengths currently avail-
able. Although some are room temperature curing, they usually re-
quire curing at elevated temperatures, especially when the joint is
to sustain loads at high temperatures. These adhesives are avail-
able for nonsandwich and sandwich type structures.

Vinyl and epoxy base adhesives are used for structural metal
assemblies. The vinyls, however, provide lower strength and less
resistance to both water and organic fluid contact. They canbe cured
much more rapidly under pressure than the epoxies; nevertheless,
they require very high bonding pressures, which limit their usage
to flat assemblies (Reference 1).

There are seven epoxy adhesives suitable for structural metal
bonding. Three of these are employed predominantly in electrical
applications 'since they are specifically formulated to readily bond
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many of the metals used in electrical equipment construction. For
this reason, they are commonly called electrical adhesives. They
provide joints with strengths almostas high as the regular structural
epoxy adhesives,

The electrical epoxy adhesives offer options on curing con-
ditions. The room temperature curing variety is suitable for service
up to 185 I’ (Reference 2), the intermediate temperature curing va-
riety up to 250 ' (Reference 3) and the high temperature curing
variety up to 500 F' (Reference 4).

The epoxy adhesives for structural applications also offer op-
tions on processing conditions. The first is room temperature curing,
but curing at 160 F to reduce processing time is acceptable (Ref-
erence 5). It is suitable for service up to 160 F. The second offers
options on curing conditions and has somewhat higher mechanical
properties than the first (Reference 6). It is suitable for service up
to 180 F. The third, also with processing options, offers outstanding
resistance to temperatures as high as 500 F (Reference 7).

The fourth structural epoxy adhesive is for specialized bonding
work involving sandwich structures. These structures are integrated
sheet assemblies consisting of a thick lightweight material (honey-
comb core) securely sandwiched between two thin hard sheets (fac-
ings), thus, the name sandwich panel (see Figure 1). This construc-
tion provides structures of improved strength and stiffness. It is
used for parts reguiring greater stiffness than can be achieved
with straight sheet material of comparable weight or, conversely, to
produce lighter parts of comparable stiffness. The epoxy adhesives
used for these structures form fillets around each of the honeycomb
cell walls to achieve the necessary bond strength. These adhesives
offer options on processing conditions and have, dependent on type,
outstanding resistance to temperatures as high as 500 F (Refer-
ence 8).

All of the aforementioned seven epoxy adhesives are also suit-
able for bonding plastics, rubber, wood and glass. However, allow-
able design values should be established experimentally for each
nonmetal joint utilizing any of these adhesives.

The processing techniques required of fabricators using epoxy
adhesives are available (Reference 29). : '
Nonstructural Adhesives

These adhesives are used in bonding metal foils, plugging
seams and set screws, preventing corrosion (see Chapter 11), re-
pairing metal surfaces (see Chapter 11), adhering electrical in-
sulation (see Chapter 9) and labeling materials (see Chapter 8).

Thin metal foils can be adhered to bare or painted metal sub-
strates using polysulfide, neoprene or nitrile rubber base, room
temperature curing adhesives (Reference 9). The resulting joint
can sustain vibration and mechanical shock including impact. These
adhesives are suitable for bonding metal identification plates.
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Figure 1. Sandwich Panel Construction.
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Metal parts may contain seams into which dirt and water tend
to collect. These openings can be effectively sealed with pres-
sure-sensitive adhesive tapes (Reference 10). Other metal paris
such as metal ducts are not tight after assembly. Heated air, for
example, will readily escape through the seams. Pressure-sensitive
adhesive tapes, by bonding the joints, can reduce this leakage, pro-
vided the temperatures do not exceed 350 F' (Reference 11).

Set screws are sometimes used to hold components together
in an assembly. It may be desirable for reasons of appearance to
seal and plug the openings. Ethyl cellulose cements in red, yellow,
black and olive drab colors are available which dry tack free in four
hours and hard in twenty four hours (Reference 12).
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MIXED METAL ASSEMBLY ADHESIVES

In bonding a metal to a nonmetallic component, differences in
surface composition of the adherends as well as different coeffi-
cients of expansion must be taken into consideration. A single ad-
hesive, with the possible exception of specially compounded poly-
esters and epoxies, is not generally suitable for highly loaded dis-
similar joints. These joints are effected readily with tie cements
baked on the metal component to give the chemical adhesion neces-
sary; then these coated metal substrates are bonded with an ad-
hesive specific for the nonmetallic component and tie cement. Sin-
gle adhesives are available for dissimilar joints subject to little
or no load.

Thus, adhesives for these applications are best classified
according to the type of loading conditions and the type of joint
they can effect.

Structural Adhesives

Structural adhesives are available for metal /wood, metal/glass
and metal/plastic laminate joints.

Metal/Wood. These bonding materials are available as a single
and a double adhesive system (Reference 13). The former system
is not suitable for sandwich panel construction, while the latter is
adaptable to both sandwich and nonsandwich type structures. The
latter system offers an option on the processing of the secondary
or wood adhesive. The option consists of room temperature, inter-
mediate temperature or high temperature curing conditions. The
single adhesive system and the primary or metal adhesive of the
double adhesive system are both cured at temperatures as high as
335 F.In areas where limited temperature or no heat can be applied,
the double adhesive system is used, provided the metal constituents
can be baked with the primary adhesive prior to assembly. Both
types give essentially equivalent strength properties.

Metal/Glass. High strength joints are achieved with a double
adhesive system (Reference 14). The metal component is coated
with an oven baked neoprene modified adhesive and then the joint
effected with a thermosetting adhesive, either liquid or film, cured
at temperatures up to 275 I and 25 psi bonding pressure.

Metal/Plastic. A single polyester base adhesive has been form-
ulated to bond epoxy laminates to stainless steel where voids up
to 0.020 inches are to be bridged on vertical and horizontal sur-
faces (Reference 15). The adhesive is room temperature cured and
should not be subjected to elevated temperature service.
Nonstructural Adhesives

Nonstructural adhesives are available for metal/rubber, metal/
wood, metal/plastic and metal/paper joints.

Metal/Rubber. Neoprene, SBR and nitrile rubbers, especially
in the form of gaskets, are bonded to steel with room temperature
curing adhesives (Reference 16). They resist the action of salt
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water but are susceptible to elevated temperatures.

Silicone rubber moldings are bonded to metal with room temp-
erature curing adhesives capable of withstanding high moisture, oil
and elevated temperature conditions (Reference 17).

Metal/Wood. Corkboard is bonded to metal surfaces with both
fast and slow setting adhesives; however, the slow setting adhesive
is preferred in dead air spaces where fire or personnel hazards exist
(Reference 18). Chipboard is bonded with adhesives to terneplate,
tinplate and zincplate, producing low strength joints not possessing
water, oil or moisture resistance {(Reference 19).

Metal/Plastics. The bonding of plastics to metals is covered
in Chapter 6.

Metal/Paper. The bonding of paper to metal is covered in Chap-
ter 9.

GENERAL PURPOSE METAL ADHESIVES

General purpose adhesives provide joints suitable for nonstruc-
tural purposes. They are all single adhesive systems based on acry-
lic, cellulosic, rubber and vinyl materials.
Acrylic Adhesive

This adhesive, unlike the rest in this category, can provide
high strength joints suitable for some structural purposes provided
it is not subjected to moist or elevated temperature conditions (Ref-
erence 20). It should be used only where rapid room temperature
bonding is the primary consideration, since it is exceedingly ex-
pensive, This adhesive will adhere practically any material to metal.

Cellulose Adhesive

This adhesive is known as the original household cement (Ref-
erences 21, 22). It will bond paper, fabric, glass, leather and some
plastics to metal, under room temperature curing conditions.

Rubber Adhesives

There are four general purpose rubber adhesives for bonding
materials to metal. Each gives an option on environmental resistance.

The first offers good resistance to air, oil and water exposure
(Reference 23).It will bond fabrics, neoprene and polyvinyl chloride
to metal.

The second, dependent on type, offers resistance to gasoline
exposure (Reference 24). It will bond paper, fabrics, leather, wood,
rubber and plastics including laminates to metal.

The third offers resistance to aromatic fluid exposure (Ref-
erence 25). Dependent on type, it can be cured at room temperature
conditions. It will bond fabrics, rubber, plastics including laminates
and explosives to metal.

The fourth offers good resistance to lubricating oil exposure
and fair resistance to aromatic fuel exposure (Reference 26). It will
bond fabric, rubber and plastics to metals.
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Vinyl Adhesives

These adhesives compete with the cellulose adhesives in bond-
ing materials to metals. They do not possess any of their flamma-
bility characteristics but offer inferior moisture resistance (Refer-
ences 27, 28).

BIBLIOGRAPHY
Straight Metal Assembly Adhesives

Structural

1. MIL.-A-13792 Cement, vinyl acetate base, solvent type, 17 November
1954. No QPL.

2. AMS 3690 Adhesive compound, epoxy, room temperature curing, 15
January 1960. No QPL.

3. AMS 3691 Adhesive compound, epoxy, medium temperature applica-
tion, 15 January 1960. No QPL.

4. AMS 3692 Adhesive compound, epoxy, high temperature application,
15 January 1960. No QPL.

5. MIL-A-14042 Adhesive, epoxy, 17 July 1959. Has QPL.

6. MIL-A-8623 Adhesive, epoxy resin, metal to metal structural bonding,
23 September 1960. Has QPL.

7. MIL-A-005090 Adhesives, heat resistant, airframe structural, metal to
metal, 22 April 1963. Has QPL.

8. MIL-A-25463 Adhesive, metallic structural sandwich construction, 19
October 1961. Has QPL.

Nonstructural
9. MIL-A-22895 Adhesive, metal identification plate, 25 June 1962. No
QPL.

10. MIL-T-17991 Tape; wing slot, waterproof, noncorrosive, pressure-
sensitive, 16 April 1954. No QPL.

11. MIL-T-4053 Tape, pressure-sensitive adhesive, corrosion-resistant,
20 August 1962. No QPL.

12. MIL-C-13704 Cement, sealing or plugging, 7 November 1955. No QPL.

Mixed Metal Assembly Adhesives
Structural
Metal/Wood

13. MIL-A-928 Adhesive, metal to wood, structural, 31 March 1955. Has
QPL.

Metal /Glass

14. MIL-A-14443 Adhesive: glass-to-metal (for bonding lenses), 17 Octo-
ber 1961. Has QPL.

Metal /Plastic
15. MIL-A-22434 Adhesive, polyester, thixotropic, 7 March 1961. No QPL.
Nonstructural

Metal/Rubber

16. MIL-A-1154 Adhesive, bonding vulcanized synthetic rubber to steel,
4 April 1963. Has QPL.
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17. MIL-A-25457 Adhesive, air-drying, silicone rubber, 18 March 1957.

Has QPL.

Metal /Wood

18. MIL-A-18065 Adhesive, high initial bond, 17 December 1959. Has
QPL.

19. MIL-A-45059 Adhesive for bonding chipboard to terneplate, tinplate
and zincplate, 3 February 1964, No QPL.

General Purpose Metal Adhesives

Acrylic

20. MIL-A-46050 Adhesive, special; rapid room temperature curing, sol-
ventless, 16 July 1963. No QPL.

Cellulosic

21. MIL-A-388 Adhesive and sealing compounds, cellulose nitrate base,
9 June 1959. No QPL.

22. MIL-A-11238 Adhesive, cellulose nitrate (for ordnance use), 18 Sep-
tember 1962. No QPL.

Rubber
23. MIL-C-4003 Cement; general purpose, synthetic base, 19 March 1954,
No QPL.

24. MIL-A-5092 Adhesive, rubber (synthetic and reclaimed rubber base),
27 August 1952. Has QPL.

25. MIL-A-13883 Adhesive, synthetic-rubber (hot or cold bonding), 7 No-
vember 1960. No QPL.

26. AMS 3685 Adhesive, synthetic rubber, Buna-N type, 1 December 1951.
No QPL.

Vinyl
27. MMM-A-180 Adhesive, polyvinyl acetate resin emulsion (alkali dis-

persible), 1 July 1963. No QPL.
28. MIL-C-18726 Cement, vinyl alcohol-acetate, 11 June 1956. No QPL.

Adhesive Process Specifications

29. MIL-A-9067 Adhesive bonding, process and inspection requirements
for, 16 March 1961.
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8. PACKAGING ADHESIVES

Packaging is a process employed for demonstrating, shipping
and storing products. The packages are predominantly paper base,
although recently plastics are being actively used. Adhesives are
a basic component of every package. They fall into four general
categories. These are for (1) carton manufacture, (2) carton closure,
(3) packing and (4) labeling. Chapter 6 covers adhesives for plastics.

CARTON MANUFACTURE

Paper bags, spirally wound tubes and fiberboard cartons are
the basic packaging forms. Silicate, animal glue, dextrin, jelly gum,
resin emulsion, casein, rubber latex and hot melt adhesives are
used to construct these basic forms. These adhesives offer wide
adaptability to both ireated and untreated paper base stocks and
wide resistance to humidity and water. The relative performance
characteristics are given in Table 1.

Paper Bags

Paper bags are constructed with a bottom and side seam which
is joined with adhesives. The solvent base, water emulsion or hot
melt varieties are suitable for waterproof bags (References 1, 2).
Where water resistance is not required, the other adhesives such
as the silicate glues can be used (Reference 3).

Spiral Tubes

Spiral tubes are constructed by winding adhesive coated paper
on a mandrel. The thickness. is determined by the number of lamina-
tions used. Silicate (Reference 3), dextrin (Reference 4) and animal
glue (Reference 5) are used for this purpose.

Fiberboard Cartons

Fiberboard cartons are constructed from corrugated or laminated
stock. Silicate glues are predominantly used for this purpose (Ref-
erence 3); however, dextrins are fast becoming competitive with
the silicates. Unfortunately, no specifications are currently avail-
able covering dextrins for this  purpose. Whenever waterproofness
is required, the solvent base, water emulsion or hot melt adhesives
(References 1, 2) are used to attach surface liners.

The corrugated stock is manufactured by taking a sheet of pa-
per usually 9 mils thick, softening it by steaming, and forming it
into corrugations on a steam heated, fluted roll. The adhesive is
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applied to the fluted tips using between 7 and 10 pounds per 1000
square feet for silicates and then a liner, usually between 10 and
30 mils thick, is applied under 150 psi bonding pressure. The other
fluted side is coated with additional adhesive usually between 10
and 12 pounds per 1000 square feet for the silicates and a second
liner pressed on under 15 psi bonding pressure.

The laminated stock is manufactured by taking adhesive coated
sheets up to 6 pounds per 1000 square feet for silicates, stacking
one upon the other, and bonding under pressures up to 800 psi. The
silicate glue used here is usually modified with clay to have the
viscosity between 200 and 500 centipoises.

CARTON CLOSURES

Paper bags and fiberboard cartons require adhesive bonding
for closure. The spirally wound tubes use closures which are gen-
erally removable.

The same adhesives used for manufacturing the bag can be
used for closing it (References 1, 2, 3).

Fiberboard boxes are sealed with adhesives consistent with
the humidity requirements and surface conditions of the carton (Ref-
erences 6, 7). Silicate glues are used where moisture resistance
is not required (Reference 3) and animal glues, compatible with
explosives, for ammunition cartons (Reference 8).

Certain fiberboard cartons use paper wraps on the surface as
covers. These are adhered with the solvent base, water emulsion
and hot melt adhesives (References 1, 2). This operation is ex-
pensive because of the amount of hand labor involved.

Spirally wound fiberboard containers use pressure-sensitive
adhesive polyester tapes whenever closure is necessary (Reference
9). These tapes, although readily removable, even at low temper-
atures, are suitable for temporary sealing. They are compatible with
ammunition containers.

PACKING

Packing consists of (1) reinforcing and sealing cartons, (2)
sealing container closures and (3) preservation applications.
Reinforcing and Sealing

Cartons are closed by mechanically locking the flaps or by
adhesive bonding. These joints in many instances require sealing
and additional reinforcement. These are accomplished with gummed
and pressure-sensitive adhesive tapes. The choice of the tape is
dependent upon the moisture and weathering resistance require-
ments, the type of surface to be adhered and the amount of expected
load.

The basic reinforcing and sealing tapes which are not intended
for severe moisture or environmental conditions are available in
both the gummed (Reference 10) and pressure-sensitive adhesive
(Reference 11) varieties. The pressure-sensitive tapes are more
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convenient but significantly more expensive than the gummed coun-
terparts.

Three reinforced tapes are available where additional strength
is necessary. The first (Reference 12), containing a glass, sisal
or rayon fiber reinforcement with an asphalt or other coating, gives
at least 35% better performance than the unreinforced tape (Refer-
ence 10). The asphalt coated tape is not generally suitable for food
cartons. The second, containing unspecified reinforcing fibers,
available with low and high elongations, provides the widest and
highest strength characteristics for gummed tapes (Reference 13).
The third (Reference 14) is a reinforced pressure-sensitive adhesive
tape available, dependent on type, with some weathering resistance.

When high humidity and weathering resistance is necessary,
gummed paper, pressure-sensitive cotton, vinyl and other tapes are
available. The gummed paper tape provides the lowest mechanical
strength of the water resistant types (Reference 15). The cloth base
pressure-sensitive adhesive tape provides somewhat superior pro-
perties (Reference 16). The other pressure-sensitive tapes have
comparable mechanical properties, but are much more resistant to
penetration by water (References 17, 18). The latter, dependent on
type, is intended for application to both the interior and exterior
of cartons.

Sealing Container Closures

Certain containers containing screw caps and stoppers require
subsequent sealing. This is readily accomplished with polyvinyl
chloride base pressure-sensitive adhesive tapes because of their
high elongation characteristics (References 17, 19). These tapes
offer excellent resistance to weathering, sunlight, water, oils, sol-
vents, acids and bases. :

Preservation Applications

Pressure-sensitive adhesive tapes are used for preservation
purposes. These include (1) protection of complex machinery from
outdoor weathering, (2) protection of fragile materials during hand-
ling, (3) sealing vents and louvres of equipment and openings in
dehydrated containers, (4) edging and mending documents for hand-
ling and subsequent storage and (5) waterproofing applications.

Weathering. Two types of pressure-sensitive adhesive tapes
are available for protecting complex machinery such as missiles,
rockets, airplanes and ground support equipment against the dele-
terious effects of outdoor weathering for protracted periods. One
offers better moisture resistance (Reference 20) and the other, de-
pendent on type, resistance to oil (Reference 21). The latter will
not stain lacquers; and both types can be readily removed.

Handling. Whenever fragile materials are to be handled, asphalt
coated gummed tapes (Reference 12) and vinyl pressure-sensitive
adhesive tapes (Reference 22) will provide some measure of pro-
tection. Porcelain enamel can be protected against abrasion with
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the gummed tape.

Sedling. Certain equipment containers have openings which
require sealing during shipment or storage. This can be accomplished
readily with pressure-sensitive adhesive tapes (References 18, 19,
23). They have good resistance to moisture and can be easily re-
moved.

Mending. Paper documents are subject to damage during hand-
ling and storage. Pressure-sensitive adhesive tapes using a lam-
inated cellulose acetate-paper backing which accepts writing (Ref-
erence 24) and those using transparent and colored cellulose acetate
and cellophane backings (Reference 25) are available for edging
and mending these documents.

Waterproofing. Certain packages require waterproofing during
storage. Asphalt (Reference 26) and mixtures of gutta percha rubber
and coal tar pitch (Reference 27), applied by brushing, provide "the
necessary resistance. Pressure-sensitive adhesive polyester tapes
are also useful for this purpose (Reference 9). These materials are
compatible with explosives.

LABELING

Identification markings are made with (1) paper labels, (2) metal
plates, (3) radioactive substances, (4) plastic tapes, (5) decalco-
manias and (6) paint or ink. All of these markings are made with
adhesives.

Paper

Paper labels can be obtained with either adhesive or nonad-
hesive backings. The adhesive backed labels, in rectangular, cir-
cular and elliptical shapes, with and without colored borders, are
available with gummed backings activated with water or with pres-
sure-sensitive adhesive backings which can be applied directly
(Reference 28). These labels can be written upon and two hours
after application cannot be removed without tearing the substrate
or label. These and other labels described below can be protected
against moisture and weathering with transparent vinyl (Reference
17) and polyester (Reference 40) tapes.

Nonadhesive backed labels can be bonded with a multitude of
adhesives. Three nontoxic adhesives are available. One controls
the flammability of the material during application by requiring a
water emulsion base (Reference 29). The second may use a flammable
organic solvent base (Reference 30). Nevertheless, both adhesives
are fire resistant when dry. The former has outstanding resistance
to moisture, but it is not intended for substrates subjected to flex-
ing during service. These adhesives will adhere paper labels to
wood, fiberboard, black oxide and galvanized iron, glass, tin, rub-
ber and painted metal surfaces.

The third nontoxic adhesive for adhering paper labels is form-
ulated from cellulose nitrate which is flammable (Reference 31).
It is suitable for labeling soft wood, plywood and fiberboard.
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Silicates are employed to adhere paper labels topaper and wood
surfaces where moisture resistance is not required (Reference 3).
Other adhesives for general purpose paper bonding can be used for
labeling applications. These are covered in Chapter 3.

Metal

Metal plates are used for labeling equipment. These plates
are also furnished with either adhesive or-nonadhesive backings.

The adhesive backed metal plates, containing a solvent-acti-
vated film or a pressure-sensitive adhesive, are available in a mul-
titude of sizes, markings and colors (Reference 32). The bonded
plates can sustain weathering, salt spray, water, hydrocarbons,
cleaning compounds, temperatures as low as -55F and abrasion
without loss of adhesion.

The nonadhesive backed plates can be bonded directly to paint-
ed or unpainted surfaces with either polysulfide or rubber base ad-
hesives (Reference 33). These adhesives can sustain vibration and
mechanical shock including impact.

Radioactive Substances

Certain packaging applications require visual identification
in locations free of light. These applications can be accommodated
by bonding radioactive luminous compounds consisting of zinc sul-
fide and a radioactive substance (Reference 34). The adhesive,
dependent on type, is suitable for exposure to air and for immersion
in liquids.

Plastic

Plastics are usedfor labeling purposes, including color coding.
They are more durable than paper but less than the metal counter-
parts. These labels are all adhesive backed and are used for (1)
moderate temperature, (2) severe temperature and (3) extreme weath-
ering applications.

Moderate Temperature. Cellulose acetate pressure-sensitive
adhesive tapes are suitable for (1) labeling high value items and
their shipping containers (Reference 35), (2) for resealing envelopes
opened for inspection (Reference 36) and (3) for semipermanent and
permanent color coding and labeling of containers (Reference 24).
All three of the tapes can sustain 72 hours exposure to 120 F; and
the latter two can withstand 30 hours exposure to 150 F. The first
two labels are preprinted with a legend denoting their purpose, and
the third is printable and available in a multitude of colors.

In certain packaging applications it is necessary to attach
riders, premiums, samples or decorations. This is effectively im-
plemented with double adhesive backed tapes which, dependent
on type, use a transparent, translucent or opaque backing (Refer-
ence 37). The latter two are paper base. The tape can sustain ra-
diation by ultraviolet light and temperatures as high as 150 F under
high humidities without loss of adhesion, even to metals.
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Electric circuits are marked with pressure-sensitive adhesive
tapes stable as low as -80 I and as high as 180 I without affecting
legibility of the printing (Reference 38). These tapes, dependent
on type, can accept writing for use during field servicing operations
where the preprinted tape varieties are not available.

Severe Temperature. Fluid lines are subject to severe temp-
erature conditions. They are marked with pressure-sensitive ad-
hesive tapes which are noncorrosive to the substrate and resistant
to solvents and temperatures up to 325 F (Reference 39). The tapes
are preprinted on silver or white backgrounds and can be used for
other applications subject to similar severe temperature conditions.
Lines operating at lower temperatures can use polyester tapes which
are subsequently described (Reference 40).

Extreme Weathering. Polyvinyl chloride pressure-sensitive
adhesive tapes are suitable for severe environmental exposure such
as to sunlight, water, oils, solvents, acids, alkalies and abrasives
(Reference 19). These tapes, dependent on type, are transparent,
colored and printable. The colored tape can be used for color coding
under these conditions.

An analogous polyester pressure-sensitive adhesive tape is
suitable for similar environmental conditions including contact with
Skydrol, except for exposure to acids and alkalies (Reference 40).
It is furnished transparent or colored. The transparent tape can be
used to protect labels and the colored tape for color coding.

Jecalcomanias

Decalcomanias are used for special customized labeling ap-
plications (Reference 41). Once applied, they cannot be separated
from bare or lacquered and enameled metal surfaces by scraping
even with a knife or by immersion in water or naphtha.

Stencil Markings

Packages and equipment may require labeling with insignia,
designs and letters. These markings are made by spraying or brush-
ing paint or ink over stencils which are bonded to the surface to be
labeled. The adhesive is a nonwater base material which can adhere
stencils to painted surfaces (Reference 42). 1t will prevent seepage
of paint under the stencil and can be readily removed from the sub-
strate.

Pressure-sensitive adhesive tape precut into letters is also
available for letter labeling (Reference 43). It will not lift under
90 pounds spray paint pressure, is not penetrated by the paint and
can be removed without lifting any underlying paint.
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TABLE 1. PROPERTIES OF PACKAGING ADHESIVES.

RESISTANCE ADHESION
UNTREATED TREATED
TYPE HUMIDITY WATER SURFACES SURFACES (1)
Silicate Good None Good Poor (2)
Animal Glue Good None Good Poor
Dextrin Good None Good Poor (2)
Jelly Gum Excellent None Good Poor (2)
Resin Emulsions Excellent None (3) Excellent . Poor (2)
Casein Good Good Good Poor (2)
Rubber Latex Excellent Good Excellent Good
Rot Melts Excellent Excellent Excellent Good

(1) Paper surfaces are treated with varnish, wax, resins, etc., to improve
appearance, water resistance and weathering characteristics.

(2) The adhesive may be specially formulated to adhere to treated surfaces.

(3) The adhesive can be formulated for water resistance.

BIBLIOGRAPHY

Carton Manufacture

(1) MIL-A-140 Adhesive, water-resistant, waterproof barrier-material,
23 November 1951. Has QPL.

(2) MMM-A-00260 Adhesive, water-resistant (for sealing waterproof pa-
per),; 15 October 1962. No QPL.

(3) 0-8-605 Sodium silicate solutions, 1 September 1960. No QPL.

(4) MIL-A-13374 Adhesive, dextrin (spiral tube winding for ammunition
containers), 20 December 1956. No QPL.

(5) MMM-A-100 Adhesive, animal-glue, 10 December 1963. No QPL.

Carton Closures

(6) MIL-A-101 Adhesive, water-resistant, for sealing fiberboard boxes,
12 March 1952. Has QPL.

(7) MMM-A-00250 Adhesive, water-resistant (for sealing fiberboard box-
es), 15 October 1962, No QPL.

(8) MIL-G-20469 Glue (for use in loading ammunition), 27 November 1951.
No QPL.

(9) MIL-T-43036 Tape, pressure-sensitive adhesive, plastic film, filament
reinforced (for sealing fiber containers and cans), 29 March 1963. No

QPL.

Packing

(10) UU-T-111 Tape; paper, gummed (sealing and securing), 14 September
1960. No QPL.

(11) PPP-T-76 Tape, pressure-sensitive adhesive paper (for carton seal-
ing), 16 July 1963. No QPL.

(12) PPP-T-45 Tape, gummed, paper, reinforced, 15 September 1960. No
QPL.

(18) MIL-T-4601 Tape; filament reinforced, gummed, 1 March 1954. No QPL.

(14) PPP-T-97 Tape; pressure-sensitive adhesive, filament reinforced,
12 December 1962, No QPL.
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{15) UU-T-116 Tape, paper, gummed, water-resistant, 7 October 1952.
No QPL.

(16) AMS 3810 Tape, adhesive, cloth back, 15 June 1953. No QPL.

(17) PPP-T-0070 Tape, pressure-sensitive, (packaging grade vinyl plastic
film), 17 January 1964. No QPL.

(18) PPP-T-0060 Tape; pressure-sensitive adhesive, waterproof—for pack-
aging and sealing, 30 November 1961. Has QPL.

(19) PPP-T-66 Tape; pressure-sensitive adhesive, vinyl plastic film, 11
December 1963. No QPL.

(20) MIL-T-43115 Tape, pressure-sensitive adhesive; for preservation and
sealing, 28 October 1962. No QPL.

(21) MIL-T-22085 Tape, pressure-sensitive adhesive, preservation and
sealing, 1 June 1961. Has QPL.

(22) HH-T-0025 Tape, pressure-sensitive adhesive, plastic (for electro-
plati_ng), 17 January 1964. No QPL.

(23) HH-T-0029 Tape, pressure-sensitive adhesive, lead foil, 17 January
1964. No QPL.

(24) L-T-99 Tape, pressure-sensitive adhesive, identification (acetate fi-
ber), 11 September 1958. No QPL.

(25) L-T-90 Tape, pressure-sensitive adhesive (cellophane and cellulose
acetate), 13 January 1961. Has QPL.

(26) MIL-A-3029 Asphalt, waterproofing (for use in manufacturing of fiber
ammunition containers), 17 April 1950. No QPL.

(27) MIL-C-20299 Compound, adhesive, waterproof, 21 November 1951. No
QPL.

Labeling

(28) UU-L-49 Labels; paper, gummed, 8 August 1956. No QPL.

(29) MIL-A-52247 Adhesive: paper label, water resistant, water emulsion
type, 18 June 1963. No QPL.

(30) MIL-A-3941 Adhesive, paper label, water-resistant, 19 March 1959.
No QPL.

(31) MIL-A-388 Adhesive and sealing compounds, cellulose nitrate base,
9 June 1959. No QPL.

(32) MIL-P-19834 Plates, identification, metal foil, adhesive backed,
30 September 1960. Has QPL.

(33) MIL-A-22895 Adhesive, metal identification plate, 25 June 1962.
No QPL.

(34) TT-R-58 Radioactive~luminous-compound and adhesives, 9 April 1941.
No QPL.

(35) MIL-L-26147 Label tape, pressure-sensitive adhesive, legended RUSH
HI-VALUE, 26 February 1959. No QPL.

(36) MIL-T-2463 Tape, censorship, military censor-civil mails, 26 Sep-
tember 1950. No QPL.

(37) UU-T-91 Tape, pressure-sensitive adhesive, double-coated, 5 Decem-
ber 1962. No QPL.

(38) MIL-T-14379 Tape, pressure-sensitive adhesive; electric circuit
marker, automotive, 25 May 1959. Has QPL.

(39) MIL-T-9906 Tape, aircraft tubing identification marker: noncorrosive,
heat and solvent resistant, 27 March 1961. No QPL.

(40) L-T-100 Tape, pressure-sensitive adhesive, polyester film, 30 August
1960. No QPL.

(41) MIL-V-6093 Vamish, decalcomania, adhesive, 4 April 1961. Has QPL.

(42) MIL-A-3932 Adhesive, stencil, 29 October 1954. No QPL.

(43) UU-S-600 Stencil, pressure-sensitive, for vehicle identification, 12

August 1958. No QPL.
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9. ELECTRICAL ADHESIVES

Electrical adhesives serve the dual purpose of bonding com-
ponents together while simultaneously insulating them electrically.
These adhesives are predominantly pressure-sensitive adhesive
tapes. Whenever the application does not require insulation char-
acteristics, bonding agents specific for the adherends, covered in
other chapters, are used. There are, however, a select number of
bonding materials intended for electrical applications in which no
electrical characteristics are required. These adhesives are com-
pounded specifically for joining materials commonly used in elec-
trical equipment construction.

Electrical adhesive tapes provide a convenient method, if not
the sole means in certain instances, for applying insulation to bare
or partially insulated conductors. These tapes, which are in effect
self-adhering insulation materials, consist ofup to three components:
a backing, the adhesive and a separator, the latter used when neces-
sary to prevent blocking. Certain polyethylene and rubber tapes,
however, combine the adhesive and backing into a single entity.

These tapes bond generally under hand pressure, either at am-
bient or elevated temperature. The former are calledthe pressure-sen-
sitive adhesive tapes and the latter the pressure-sensitive ther-
mosetting adhesive tapes.

Adhesive tapes can be divided into three general usage cate-
gories. The first is for wire splicing, including repair of insulation;
the second for construction and repair of electrical equipment; and
the third for identification marking of electrical circuits,

ELECTRIC WIRE SPLICING TAPES

Electrical splicing consists of uniting two or more wires into
a single conductor. The splicing is performed by interweaving the
conductor strands, whereupon the open splice area is insulated with
the adhesive tape. These tapes are catalogued into primary insu-
lation materials which are intended for direct contact against bare
conductors and secondary insulation materials for overcoating and
repair of primary insulation.
Primary Insulation Tapes

Rubber, polyethylene, polyvinyl chloride, teflon and glass
base tapes are used for direct contact against bare conductors.
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Rubber. This material was one of the first substances used for
insulating electrical conductors. Currently, there are four rubber
base adhesive tapes in common usage.

The first is the basic rubber splicing tape which is available
in two grades (Reference 1). The first grade is intended for splicing
wires and cables operating up to 600 volts, and the second, an
ozone resistant type, for wire and cable splices operating at 2000
volts and over. Both tapes are cured at room temperature and the
resulting insulated splice breakout does not conform to the original
insulation contours.

The second is a specialized rubber tape intended for building
up insulation on spliced electrical cables (Reference 2). Like the
basic tape, it is cured at room temperature and the resulting insu-
lated splice breakout does not conform to the original insulation
contours.

The third is also a specialized rubber base tape (Reference 3)
intended for use where the insulated splice breakouts must conform
to the original insulation contours. It is available in two types. The
first is for primary insulation applications and the second for sec-
ondary insulation applications; the latter are dealt with subsequently.
Both types are molded at elevated temperature and pressure.

The fourth type is intended for insulating splices which must
conform to original insulation contours and are subject to under-
water usage (Reference 4). The tape is molded at elevated temp-
erature and pressure. A tie cement is required.

Polyethylene. This tape is intended primarily for splicing wires
and cables insulated with polyethylene, although experience in-
dicates that it also performs efficiently on most insulations (Ref-
erence 5). This tape is similar to the rubber base tapes in that the
backing and adhesive are one unit. It has, however, better electrical
properties.

Polyvinyl Chloride. This tape is currently the most versatile
for general splicing work, since it has high electrical resistance,
thinness (reduced bulk), conformability, good storage life (2 years),
resistance to chemicals anda low electrolytic corrosion factor (Ref-
erence 6).

Polytetrafluoroethylene. This tape is intended for insulating
splices which are subjected to temperatures as high as 500 F. (Ref-
erence 7). They are satisfactory for underwater applications and
unlike some of the rubber counterparts (Reference 4) can effect in-
sulated splices without the use of elevated temperatures and pres-
sures for processing. Whenever subsequent impregnation is neces-
sary, the tape is available with a treated backing to which varnish
will adhere.

Glass. These tapes (References 8, 9) are intended for effecting
splices where high temperature resistance and the highest mechan-
ical strength are necessary. Since glass has poor elongation qual-
ities, it is also made available woven on the bias to make it adapt-
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able for complex splices (Reference 9).
Secondary Insulation Tapes

Secondary insulation tapes are used for overcoating and re-
pairing insulated conductors. Typical are friction and rubber tapes.
The electrical properties are significantly lower than those of the
primary insulation conductor tapes.

Friction. This tape is intended for general purpose work. It
does not provide a moisture barrier and splice breakouts do not
conform to original insulation contours (Reference 10). No special
processing is required for application.

Rubber. Unlike the friction tape, the rubber tape is intended
primarily for use where a moisture barrier is required and where
splice breakouts must conform closely to the original insulation
contours (Reference 3). They require elevated temperatures and
pressures for application,

ELECTRICAL EQUIPMENT CONSTRUCTION AND REPAIR TAPES

In the construction and repair of electrical equipment, it is
sometimes necessary to band or hold components together while
simultaneously electrically insulating each of the constituents.
Pressure-sensitive adhesive tapes provide one method for accom-
plishing both purposes.

Paper, cotton, cellulose acetate, polyethylene, polyester and
glass base tapes are used for these purposes. These tapes with the
exception of one polyester, one glass and polyethylene are all ther-
mosetting materials; that is, they require heat for cure. They per-
form all the holding and insulating functions of the pressure-sensitive
adhesive tapes but provide generally greater adhesion, higher sol-
vent resistance and better temperature working capabilities.

These tapes are conveniently catalogued for the user according
to their temperature resistance using the American Institute of Elec-
trical Engineers (AIEE) classification system (see Table I).

Class A

Class A insulation tapes are suitable for use up to 105 C. Pa-
per, cotton, cellulose acetate and polyethylene fall into this classi-
fication.

Paper. These tapes (Reference 11) are available in two styles,
namely, flat and crepe. The crepe type is better suited for parts
having odd shapes because of its better conformability character-
istics.

Paper tapes are the most inexpensive electrical grade tapes.
However, because of their comparatively high electrolytic corrosion
factor, finished taped components have the lowest relative age life.
Consequently, paper tapes are definitely not recommended for fine
wires. They are acceptable for medium and heavy gage wires, since
the amount of corrosion incurred on these wires is generally insig-
nificant. Considerations, therefore, other than corrosion, usually
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determine the selection of other tapes over paper on larger gage
wires.

These tapes are heat cured and commonly used for motor in-
sulating, coil winding, repair of electric motors and reinforcing slot
insulation.

TABLE I. TEMPERATURE LIMITATIONS OF ELECTRICAL MATERIALS

TEMPERATURE
CLASS °C, MAX

90
105
130
155
180
220 (1)

OmEwe O

(1) Minimum.

Source: ‘‘General Principles Upon Which Temperature Limits are
Based in the Rating of Electrical Equipment.”’
American Institute of Electrical Engineers, Publication No. 1,
1957.

Cotton. This tape is available in one style only (Reference 11).
Its properties and cost are similar to those of paper tapes except
it has better mechanical strength. Consequently, it is used in pre-
ference to paper tapes whenever heavy wires are to be held in place
or if armature coils are to be banded prior to forming.

This tape is heat cured and commonly used in small motors,
dynamotor armatures, generators and transformer coils.

Cellulose Acetate. These tapes are available in two styles,
namely, film and cloth (Reference 11). They are more expensive than
the paper and cotton tapes. However, they have greater versatility
because of the significantly lower electrolytic corrosion factor and
better mechanical (viz., puncture resistance) and electrical proper-
ties. Components having small wire gages equal to or less than 28
can be handled with these tapes as well as those subjected to high-
er voltages.

The film tape has better resistance to moisture, higher dielectric
strength under humid conditions and, because of its thinness, offers
less build-up where space is at a premium.

These tapes are heat cured and commonly used in fine wire
coils and transformers.

Polyethylene. These tapes are available in three thicknesses,
namely, 7, 9 and 20 mils (Reference 11). They provide about the
same minimum electrical properties as do the cellulose acetate film
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tapes. However, their mechanical strength, as well as puncture
resistance, is inferior. Their advantage is that no heat, moisture
or other preparation is necessary for application.

These tapes, because of their very low temperature resistance,
cannot be used in certain conventional AIEE electrical insulation
Class A applications where the upper temperature limit is expected
for protracted periods. At the lower temperatures, they are useful
where good dielectric strength and noncorrosiveness are required.
They are commonly used where heat curing temperatures cannot be
tolerated.

Class B

Class B insulation tapes are suitable for use up to 130 C.
Polyester and certain glass base tapes fall into this classification.

Polyester. These tapes are available in two types (Reference
11). One is thermosetting, available in 2.5 and 3.5 mil thicknesses,
and the other is pressure sensitive, available in 2.5 mil thickness.

These tapes are more expensive than the paper, cotton, cellu-
lose acetate and polyethylene tapes. Nevertheless, they offer the
best electrical properties and excellent mechanical strength second
only to glass tapes. Their thinness assures minimum build-up in
tight places, and because of its high adhesive-to-backing bond
strength does not slip during application. These tapes should be
considered where the cellulose acetate tape properties fall short
of needed requirements. They can be used in applications ranging
from fine wire to high voltage.

The pressure sensitive polyester tapes provide many of the
same minimum properties as do the thermosetting polyester tapes.
They are commonly used where heat curing temperatures of the ther-
mosetting type cannot be tolerated.

Glass. This tape, generally containing a nonsilicone adhesive,
is used where the highest mechanical strength is needed (Reference
11). Because of its relatively high electrolytic corrosion factor, it
is not employed for fine wire applications.

This tape is heat cured and commonly used for securing coils
and windings.
Class H

Class H insulation tapes are suitable for use up to 180 C. Only
glass tape is currently available for applications subjected to these
temperature conditions although polytetrafluoroethylene tape (Refer-
ence 7), previously discussed, is sometimes used.

Glass tape containing a silicone adhesive is used in applica-
tions requiring high temperature resistance and high mechanical
strength (Reference 12). The tape needs no heat, moisture or other
preparation prior to application. However, heating this tape at ele-
vated temperatures improves its basic properties. It is commonly
used for securing coils and windings.
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ELECTRICAL CIRCUIT IDENTIFICATION TAPES

Identification tapes are intended for application over insulated
conductors and, consequently, do not require specific electrical
properties (Reference 13). These identification tapes are available
in three types. The first type is printed with black letters on white
and is intended for use during electrical manufacturing and assembly
operations. The second is a nonprinted white tape, capable of ac-
cepting writing, and is intended for use during field servicing opera-
tions. The third is a transparent tape intended for laminating over
the printable tape after circuit numbers have been printed. These
tapes are commonly used for identifying automotive electric circuits.

ELECTRICAL CONSTRUCTION ADHESIVES

Whenever no specific electrical characteristics are required,
components can be bonded with adhesives that are specific for the
adherends. Epoxy adhesives, however, have been compounded for
materials commonly used in electrical equipment construction. They
are available in three operating ranges: -65 to 185 I (Reference 14);
-65 to 250 F (Reference 15); and -65 to 500 F (Reference 16). The
American Society for Testing and Materials has provided a standard
for evaluating the electrical properties of these as well as other
bonding agents. It is ASTM D1304, Adkesives Relative to Their Use

as Electrical Insulation.

BIBLIOGRAPHY

Splicing Tapes
Primary Insulation Tapes:

1. HH-I-553 Insulation tape, electrical (rubber, natural and synthetic),
21 August 1962. No QPL.

2. MIL-T-17695 Insulation tape, electrical, filler type, flameproof,
synthetic, 9 November 1960. No QPL.

3. MIL-T-13020 Tape, rubber unvulcanized, splicing and molding (Tapes
TL-317/U and TL-318/U), 28 June 1956. No QPL.

4. MIL-T-22755 Tape, repair; magnetic minesweeping cable sheath, 11
December 1962. Has QPL.

5. MIL-I-3825 Insulation tape, electrical, self fusing, for use in elec-
tronic, communications and allied equipment, 27 March 1962. Has QPL.

6. MIL-I-7798 Insulation tape, electrical, pressure-sensitive adhesive,
plastic, 25 September 1958. Has QPL.

7. MIL-T-23594 Tapes, pressure-sensitive adhesive, electrical; high
temperature insulation, polytetrafluoroethylene, 8 February 1963. Has
QPL.

8. MIL-I-18622 Insulation™tape, electrical, pressure-sensitive adhesive,
silicone rubber treated glass, electrical cable splicing, naval ship-
board, 8 June 1960. No QPL.

- 9. MIL-I-22444 Insulation tape, electrical, self bonding silicone rubber
treated bias weave glass, cable splicing, naval shipboard, 1 April

1962. No QPL.
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Secondary Insulation Tapes:
10. HH-I-510 Insulation tape, electrical, friction, 20 June 1962. No QPL.
Electrical Equipment Construction Tapes

11. MIL-I-15126 Insulation tape, electrical, pressure-sensitive adhesive
and pressure-sensitive thermosetting adhesive, 15 January 1964. No
QPL.

12. MIL-I-19166 Insulation tape, electrical, high temperature glass fiber,
pressure-sensitive, 19 July 1963. Has QPL.

Electrical Circuit Identification Tapes

13. MIL-T-14379 Tape, pressure-sensitive adhesive; electrical circuit
marker, automotive, 25 May 1959. Has QPL.

Electrical Construction Adhesives

14. AMS 3690 Adhesive compound, epoxy, room temperature curing, 15
January 1960. No QPL.

15. AMS 3691 Adhesive compound, epoxy, medium temperature applica-
tion, 15 January 1960. No QPL.

16. AMS 3692 Adhesive compound, epoxy, high temperature application,
15 January 1960. No QPL.
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10. OPTICAL ADHESIVES

There are three functional types of adhesives available for the
design and construction of optical and electro-optical systems. These
are the transparentadhesives forbonding optical components in which
the visual performance properties in the bonded area are not affected,
the optically inactive adhesives for affixing optical components to
nonoptically active fixtures and the marking adhesives for adhering
radioactive substances for visual displays.

OPTICALLY TRANSPARENT ADHESIVES

Optically transparent adhesives are used (1) to reduce the num-
ber of lens-to-air surface interfaces in multiple lens systems, thus
cutting down on reflected light losses, (2) to adhere lens components
of different refractive indices, such as in achromatic and apochro-
matic lenses in which images in the red, blue, etc., light are focused
simultaneously and (3) to provide convenience in handling one lens
complex rather than many lens .components. Typical applications
include camera and television lenses, range and height finders,
military fire control instruments, telescopes, optical microscopes,
contour projectors and magnifiers.

Glass and certain plastics are used when optical transparency
or magnification are needed. A convenient system for designating’
transparent adhesives is based on the composition of the lens. Un-
der this system, adhesives are defined as glass adhesives, plastics
adhesives and general purpose adhesives adaptable for bonding both
glass and plastics.

Glass Adhesives

Glass lenses are generally bonded with styrene modified poly-
ester and styrene monomer base adhesives.

Styrene modified polyester (Reference 1) is the basic adhesive
for bonding glass lenses. The limits of lint and dust particles in
both the adhesive and activator are carefully controlled. Processing
characteristics covering the manufacture, assembly and inspection
requirements using this adhesive are available (Reference 16).

Styrene monomer (Reference 2) is used alone or as an ingre-
dient of optical adhesives for bonding of glass lenses. However,
when used alone, it undergoes significant shrinkage upon curing
and can be used only where some shrinkage strains can be tolerated.

77



Adhesive Materials, Their Properties and Usage

Plastics Adhesives

Plastic lenses are usually prepared from acrylic resins. Two
adhesives are commonly used for adhering these lenses, both of
which are based on methyl methacrylate. However, the first (Ref-
erence 3) contains methylene chloride as a solvent to provide a
better mechanical lock on the harder heat-resistant acrylics. The
second (Reference 4) is for essentially straight acrylics and con-
tains no solvent. This adhesive can also bond the heat resistant
acrylic lenses but offers poorer processing characteristics than the
former adhesive.

General Purpose Adhesives

General purpose adhesives are adaptable for joining together
any type of optical component. These adhesives are the modified
acrylics and the oleoresin Canada balsam.

The general purpose acrylic adhesive is suitable not only for
straight optical bonding but also for adhering optical components to
metal, wood or plastic fixtures (Reference 5). The adhesive is a
solventless, transparent cyanoacrylate which cures at room tempera-
ture under the action of atmospheric moisture and can be accelerated
by painting the surfaces with catalyst prior to the application of the
adhesive.

This adhesive is exceedingly expensive, and the bonds are
not completely waterproof. It should be used only in cases where
high speed, room temperature curing is the prime consideration.

Unfortunately, optical performance properties are not adequately
defined and the mechanical properties are given using only metal
adherends. Consequently, the user will have to establish allowable
design values using this adhesive.

Canada balsam is an oleoresin exuded from the balsam fir Abies
Balsomoa and contains no Oregon balsam, turpentine, colophony,
spruce pitch or similar substances (Reference 6). It provides rela-
tively weak joints consistent with natural base resins.

OPTICALLY OPAQUE ADHESIVES

In the construction of optical systems, it is sometimes neces-
sary to adhere an optically active component to a fixture or to seal
an optical system against entrance of moisture, Adhesives for these
assemblies are best classified for the user according to the type of
joint they can effect. Basically, these are for glass/metal or plastic/
metal joints and general purpose adhesives adaptable to any type
of optical lens/fixture joint.

Glass /Metal Adhesives

The rubber modified resin base adhesives are the basic ma-
terials used for bonding optical glass to metal (Reference 7). They
are available as liquid or dry film systems. The liquid adhesive
¢onsists of two parts: the first, a neoprene modified thermosetting
material, and the second, a modified thermosetting resin. The dry
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film adhesive system is also comprised of two parts. The first is
a neoprene thermosetting material, identical to the one above, and
the second, a fiberglass or polyamide reinforced film or an unsup-
ported film.

Bonding is effected first by coating the metal surfaces with
the neoprene modified material, then applying the liquid or film ad-
hesive, followed by curing at pressures up to 25 psi and temperatures
up to 275 F.

Plastic/Metal Adhesives

There are no adhesives specific for optical plastic/metal joints.
Bonding of these components ‘is carried out with general purpose
optical adhesives.

General Purpose Adhesives

There are many adhesives adaptable for general purpose optical
bonding. These are the polysulfides, rubber-cork adhesive tapes,
epoxies, cellulosics and the previously discussed modified acrylics
(Reference 5). .

Polysulfides. There are two types of polysulfide adhesives.
The first is the hardening type for making permanent joints, and the
secondis anonhardeningtype used primarily for sealing applications.

The hardening polysulfide base adhesive is a two part system
consisting of a black polysulfide base and an accelerator (Reference
8). Unless otherwise specified, 8 parts of accelerator to 8.5 parts
polysulfide is used. At elevated temperatures, the adhesive produces
no volatile constituents which craze or etch acrylic plastic lenses.

The noncuring polysulfide adhesive is available in two types
(Reference 9). The first type has two classes, reflecting viscosity
differences, and is for static sealing, while the second type is for
rotary sealing applications and consists of 5.5 parts of the former
type and one part grease. This adhesive also produces no volatile
constituents during exposure to elevated temperatures which craze
or eich acrylic plastic lenses. Additionally, it does not craze or
crack stressed acrylic plastic.

Rubber-Corl; Adhesive Tapes. These tapes are intended as a
seal and packing for the installation of glass and acrylic plastic
windshields, panels and windows (Reference 10). The tape consists
of a backing composed of a mixture of granulated cork and a vul-
canized sponge synthetic rubber binder calendared on print cloth
coated with a synthetic or natural, but not reclaim rubber base ad-
hesive, over which is applied a sized Holland cloth or polyethylene
sheet liner.

The tape does not craze siressed acrylic plastic at elevated
temperature.

Epoxies. There are two general purpose epoxy adhesives suit-
able for bonding glass or plastic optical components to metal, plas-
tic or wood fixtures. The first (Reference 11) offers an option on
curing conditions, and the second (Reference 12) is for room temp-
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erature curing operations, although curing at 160 I is acceptable.

There is an additional epoxy adhesive (Reference 13) which is
intended for metal bonding, but experience has shown it can be used
for specialized optical glass or plastic to metal joints. This ad-
hesive, according to type, has outstanding resistance to elevated
temperatures.

Since these adhesives define properties in terms of only metal
adherends, the user will have to establish design values.

The processing techniques required of fabricators using epoxy
adhesives are available {Reference 17).

Cellulosics. These cements are intended for sealing and plug-
ging set screws in optical instruments (Reference 14). The paste
cements are modified ethyl cellulose base materials available in
red, yellow, black and olive drab colors, drying tack free in four
hours and hard in twenty four hours.

OPTICAL MARKING ADHESIVES

Certain optical systems require the use of radioactive sub-
stances for specialized identification applications. An adhesive is
available for adhering powdered radioactive luminous compounds
consisting of zinc sulfide and a radioactive substance to various
materials (Reference 15). It is available in two types. The first type
is for exposure to air and the second for immersion in liquids.

BIBLIOGRAPHY

Optically Transparent Adhesives
Glass Adhesives
1. MIL-A-003920 Adhesive, optical, themosetting, 11 July 1958. Has
QPL.
2. MIL~S-14195 Styrene monomer, 22 November 1955. No QPL.
Plastic Adhesives

3. MIL-A-8576 Adhesive, acrylic monomer base, for acrylic plastic,
4 Qctober 1956. No QPL.
4, MIL-A-25055 Adhesive, acrylic monomer and polymer base, for acrylic
plastic, 17 June 1957. No QPL.
General Purpose Adhesives
5. MIL-A-46050 Adhesive, special; rapid room temperature curing, sol-
ventless, 16 July 1963. No QPL.
6. MIL-B-3469 Balsam, Canada, 5 July 1961. No QPL.
Optically Opaque Adhesives
Glass/Metal Adhesives
7. MIL-A-14443 Adhesive: glass-to-metal (for bonding of lenses), 17
October 1961. Has QPL.
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General Purpose Adhesives

8.
9.
10.
11.

12.
13.

14.

MIL-5-11031 Sealing compound, adhesive: curing (polysulfide base),
7 September 1951. Has QPL.

MIL-5-11030 Sealing compound, noncuring, polysulfide base, 28 July
1954. Has QPL.

MIL-T-6841 Tape, adhesive, rubber and cork composition, 12 August
1957. Has QPL.

MIL-A-8623 Adhesive, epoxy resin, metal to metal structural bonding,
23 September 1960. Has QPL.

MIL-A-14042 Adhesive, epoxy, 17 July 1959. Has QPL.
MIL-A-005090 Adhesives, heat resistant, airframe structural, metal to
metal, 22 April 1963. Has QPL.

MIL-C-13704 Cement, sealing or plugging, 7 November 1955. No QPL.

Optical Marking Adhesives

15.

TT-R-58 Radioactive-luminous-compound and adhesives, 19 Septem-

ber'1941. No QPL.

Adhesive Process Specifications

16.

17.

MIL-0-13830 Optical components for fire-control instruments, general
specification governing the manufacture, assembly and inspection of,
7 December 1954, No QPL.

MIL-A-9067 Adhesive bonding process and inspection requirements
for, 16 March 1961. No QPL.
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11. BUILDING CONSTRUCTION ADHESIVES

Adhesives are used extensively in the building trades. ‘The
more significant applications are (1) road repair, (2) metal founda-
tion repair, (3) corrosion prevention, (4) exterior wall construction,
(5) roof construction and repair, (6) plumbing, (7) installation of
thermal insulation, (8) interior wall construction, {9) painting and
(10) floor covering installation.

ROAD REPAIR

Roads are constructed using either asphalt or concrete. As-
phalt roads are repaired readily by repaving with heated asphalt.
However, repair of concrete roadways requires more extensive effort.
Nevertheless, these concrete repaving operations can be more sim-
ply made with adhesive materials.

Thoroughfares such as certain airplane runways and poor road-
ways may require the use of surfacing membranes for temporary ser-
vice. These are laid using adhesive bonding techniques.

Concrete Roadways

Concrete pavements are subject to cracking, spalling and other
damage during use. These defects are repaired with epoxy base
adhesives to which concrete is added; they are applied by trowelling
techniques (Reference 1).

An identical adhesive except that it contains 50% mineral filler
already incorporated is used for grouting cracks in concrete pave-
ments and for bonding portland cement concrete to hardened portland
cement concrete (Reference 2). This adhesive can also bond pave-
ment dowels in preformed holes.

Surfacing Membranes

Prefabricated airfield and road surfacing membranes in either
continuous rolls or sewn fabric panels are joined to the existing
structure with polyvinyl chloride modified nitrile rubber base ad-
hesives (Reference 3). Normally, continuous rolls are joined with
six inch single lap joints and sewn panels with ten inch single lap
joints.

METAL FOUNDATION REPAIR

Iron and steel castings are used in building construction for

fences, foundations and decorative purposes. Whenever flaws are
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found in these castings, a metallic iron filled cement, activated
with water, is available for repairing minor but not structural defects
(Reference 4). The cement, dependent on type, is suitable for re-
pairing castings which are in service under water or in wet places,
resisting both hot and cold and fresh or salt water.

CORROSION PREVENTION

In certain constructions it may be necessary to have contact
between dissimiliar metals, which are subject to moisture contact.
These conditions are sufficient to induce corrosion. Separation of
the metals with pressure-sensitive adhesive tape will prevent the
galvanic attack (Reference 5).

In other constructions it may be necessary to protect pipes not
buried underground from corrosion by moisture, acids, alkalies, cer-
tain solvents and salts. Pressure-sensitive polyvinyl chloride

(Reference 6) or polyester (Reference 7) adhesive tapes are useful
for this purpose.
EXTERIOR WALL CONSTRUCTION

Walls are constructed by bonding bricks. These adhesives,
commonly called mortars, are readily classified into three categories.
These are (1) room temperature setting subject to moderate tempera-
ture service, (2) room temperature setting subject to high tempera-
ture service and (3) heat setting for very high temperature service.
Moderate Temperatwre Service

These adhesives are available as hydraulic, epoxy resin base
and pitch base mortars.

There are three distinct hydraulic mortars for wall construction
work. Masonry cement, the most common, is used for above grade
solid masonry construction not subject to frost action and as a gen-
eral purpose masonry mortar (Reference 8). This cement is also
available with water repellent properties. It is mixed with sand and
activated with water.

Slag cement, when mixed with hydrated lime, is used for making
masonry mortar and with portland cement for making concrete (Ref-
erence 9). It has compressive properties higher than the masonry
cement mortar.

Silica cement is intended for bonding brick, especially for
foundry use (Reference 10). It is activated with water.

Epoxy resin base mortars, activated by mixing with liquid poly-
sulfide rubber, are used for bonding concrete bricks (Reference 2).
Exposure to temperatures higher than standard atmospheric improves
the mechanical properties.

Pitch base mortars are intended primarily for repairing walls
(Reference 11). Available in many colors, they remain flexible at
O C, do not bleed into paint and will not blister at temperatures as

high as 70 C.
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High Temperature Service

These mortars are available for both silica and fire clay brick
installations. The silica brick mortar consists of ground silica which
is activated with water and cured at room temperature (Reference 12).
It is not suitable for fire clay installations. For these installations,
mortar composed of a fire clay base and sodium silicate binder is
used (Reference 13). This mortar is particularly useful for bonding
fire brick where the service temperatures are too low to use the hot
setmortars and too high for the moderate temperature service mortars.
They are suitable for installations such as fireplaces, chimneys,
incinerators and boiler furnaces, except where contact with rain or
continuous dampness is expected.

Very High Temperature Service

These mortars, as distinct from the former two room temperature
curing mortar types, require high temperatures to set them. There
are four refractory mortars available. )

Fire clay refractory mortar is used for fire clay brick installa-
tions such as furnace walls (Reference 14). This mortar has drying
and firing shrinkages, sufficient to lead to cracks resulting in leak-
age of air and gas through the walls. When such leakage must be
kept to a minimum, an alternate fire clay refractory mortar is used
(Reference 15).

Grog base refractory mortar is used for bonding and fabricating
fire clay shapes and installations includingmonolithic furnace walls,
arches and boiler settings (Reference 16). Thermal spalling losses
range between 5 and 10%, dependent on type.

Another grog base refractory mortar is used for closing out
boiler walls where standard molded bricks cannot be used, as well
as for boiler repair, corbels and installation around burner openings

(Reference 17).
ROOF CONSTRUCTION AND REPAIR

Roofing is fabricated from bituminous, metal and wood materials.
Adhesives are used to fabricate the roof structure, including the
attachment of any needed insulation and vapor barriers, and to re-
pair damaged surfaces.

Roof Construction

Roofs are constructed by laying over suitable foundations, fiber-
glass, roofing felts, wool roofing and roofing fabrics and joining
these with fatty acid pitch base adhesives which provide permanent
flexibility (Reference 18). Plastic flashings used in conjunction with
bituminous roofing use either asphalt or coal tar base cements (Ref-
erence 19).

Polystyrene is used to insulate metal roofing. This insulation
can be bonded with isocyanate base adhesives which are activated
with water (Reference 20). This adhesive requires good ventilation
to reduce toxic hazards to personnel.
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Roof Repair

Asphalt and metal roofing are repaired with either asphalt or
coal tar base cements (Reference 19). These adhesives are flexible
as low as O C and will only sag slightly at temperatures as high
as 140 F. Where somewhat higher temperature resistance or specific
colors are required, fatty acid pitch base cements are used (Refer-
ence 21). The latter cements will not bleed into white paint.

PLUMBING

Plumbing lines are used to transport water, gas, steam, hot air
and sewage. The pipelines are constructed by welding, screw thread
connections or fitted connections such as bell and spigot joints.
Generally no adhesive or sealant is necessary for welded piping
and only occasionally for screw thread connections such as those
carrying high temperature fluids.

Screw Thread Joints

High pressure steam lines sometimes use threaded joints. These
joints are made tight against steam operating up to 950 F and 1200
psi pressure by using phenolic or cresylic base thread sealants
(Reference 22). :
Fitted Joints

These joints are neither liquid or gas tight and therefore require
an adhesive or sealant to maintain the usefulness of the lines. Plumb-
ing lines are made from plastic, metal or ceramic materials, while
some plumbing fixtures gre made only from ceramic materials.

Plastic. High impact polyvinyl chloride is used for drinking
water pipe lines and underground lawn sprinkler systems. These
pipes, after joining together with polyvinyl chloride adhesive, can
sustain hydrostatic pressures as high as 500 psi (Reference 23).

Metal. Gas lines are sealedwith calking lead, melted and poured
into the joint (Reference 24). For invertéd joints or in wet trenches,
the lead is driven with a pneumatic hammer.

Water lines are sealed with calking lead (Reference 24) or sul-
phur jointing compounds (Reference 25); the latter is used with cast
iron bell and spigot piping. Some leakage is to be expected with
the sulphur jointing compound.

Steam lines containing fixed mechanical joints are made tight
with paste type sealants similar to the thread sealants described
above (Reference 22). Boiler casing joints are sealed with paste
type sealants which reduce air leakage below 500 cubic centimeters
per minute at 500 F under a pressure differential of 100 inches of
water (Reference 26).

Hot air ducts are made from thin sheet metal. These ducts,
connected by press fits, are not tight, resulting in considerable
leakage. This leakage can be effectively eliminated with pres-
sure-sensitive glass fabric tapes, provided temperatures do not
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exceed 350 F (Reference 27).

Sewer lines are sealed with calking lead (Reference 24), sul-
phur base jointing compounds (Reference 25), cold applied asphalt
base materials (Reference 28) and hot applied asphalt, coal tar or
plastic base sealants (Reference 29). Again, some leakage is to be
expected with the sulphur jointing compounds.

Ceramic. Bell and spigot ceramic sewer lines are sealed with
cold applied asphalt base sealants (Reference 28) and hot applied
asphalt, coal tar or plastic base sealants (Reference 29).

Plumbing fixtures such as toilets requiring gasket connections
to drainage systems use nonasphaltic sealants to give a water tight,
gas tight, odor and vermin proof seal (Reference 30).

INSTALLATION OF THERMAL INSULATION

Thermal insulation materials are used to control the flow of
heat. Two distinct types are available: primary and secondary in-
sulations. Primary insulations are applied directly to the component
to be thermally protected without the need of a separate adhesive.
Secondary insulations are materials which require a separate ad-
hesive to bond them to the component. Primary insulation materials
for rocket engines are given in Chapter 12.

Primary Insulation

Primary insulation materials are available for temperatures
ranging from ambient to as high as 2800 F. For convenience, these
materials can be divided into low, medium and high temperature
service.

Low Temperature Service. These materials are suitable up to
1200 F. There are available (1) 85% magnesia suitable to 600 I
(Reference 31), (2) asbestos filled binders, and depending on the
binder, suitable between 300 (Reference 32) and 1000 F (Reference
31) and (3) hydraulic setting mineral wool filled binders suitable
to 1200 F (Reference 32). These cements have thermal conductivities
ranging between 0.7 and 1.8 BTU/in./hr/sq ft/°F depending on type
and mean temperature difference.

Medium Temperature Service. These materials are suitable up
to 1900 F. There are available (1) mineral wool fiber filled binders,
and depending upon binder, suitable between 1500 I (Reference 33)
and 1800 F (Reference 31), (2) compounded cements suitable to
1800 F (Reference 34), (3) vermiculite filled binders suitable to
1800 F (Reference 31) and (4) diatomaceous silica filled binders
suitable to 1900 F (Reference 31). These cements have thermal
conductivities ranging between 0.7 and 1.2 BTU/in./hr/sq ft/°F
depending on type and mean temperature difference.

High Temperature Service. These materials are suitable up to
2800 F. They consist of refractory chrome ore filled binders and are
intended for thermally insulating boiler water wall stub tubes, head-
ers and as a combination gas seal where stub tubes form a water
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wall (Reference 35).
Secondary Insulation

Secondary insulation materials commonly used are cellular
polystyrene, corkboard, glass cloth and asbestos cloth. The service
temperature is limited by the thermal stability of these materials and
the resulting thermal conductivity is dependent on the insulation
material, adhesive, type of layup and mean temperature difference.

Cellular polystyrene is bonded to steel with water activated
isocyanate base adhesives (Reference 20). This adhesive requires
good ventilation to reduce toxic hazards to personnel.

Corkboard insulation is bonded to metals with either fast or
slow setting adhesives (Reference 36). However, in dead air spaces,
the slow setting adhesive should be used to reduce fire and per-
sonnel hazards.

Woven glass cloth insulation is bonded to piping, machinery
and metal surfaces with fire resistant adhesives (Reference 37).

Woven asbestos cloth insulation is bonded to piping and ma-
chinery with asbestos fiber filled sodium silicate (Reference 38)
and unfilled sodium silicate (Reference 39). These two silicates
should not be used over painted metal surfaces or woven glass lag-
ging since they react with these materials.

INTERIOR WALL CONSTRUCTION

Inside walls of rooms are generally plastered, followed by paint-
ing. In certain instances they may be covered instead with acoustical
tiles, decorative plywood or laminates and ceramic or plastic tiles,
the latter specifically for bathrooms and kitchens.

Plastered Walls

Two cements are used for plastering walls. These are Keene’s
cement and gypsum plaster.

Keene’s cement when mixed with lime, sand and water is used
for the scratch and brown coats (Reference 40). When mixed with
water alone or gaged with lime putty it is used for the finish coat.

Gypsum plaster is available in five types (Reference 41), These
are (1) neat plaster, (2) wood fibered plaster, (3) prepared sanded
brown coat plaster, (4) prepared sanded scratch coat plaster and
(5) calcined gypsum plaster. The first two, either with or without
the addition of sand, and the second two, without the addition of
sand, are used for the scratch and brown coats after activation with
water. The last type, gaged with lime putty, is used for the finish
coat.

Acoustical Tiled Walls and Ceilings

Acoustical tiles are laid with adhesive (Reference 42). The
available adhesives, however, are not recommended as the sole
means for holding acoustical tiles weighing more than 2.5 pounds
per square foot to ceiling surfaces.
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Decorative Plywood and Laminates

Neoprene base contact adhesives are used to bond plywood
and decorative laminates to wood and metal walls from which paint
and lacquer have been removed (Reference 43). This cement requires
careful application of sheets because they will not slide for ad-
justment. An additional neoprene-phenolic adhesive, normally used
for bonding decorative laminate table tops to aluminum, can be used
for these applications (Reference 44).

Bathroom and Kitchen Walls

Polystyrene plastic tiles and ceramic tiles are used on walls
that are subject to constant moisture contact. The tiles are attached
with adhesives which are resistant to degradation by water. (Ref-
erences 45, 46).

PAINTING

Pressure-sensitive adhesive tapes are used frequently during
painting operations for masking and stripping purposes. The sur-
faces to be painted are either bare or coated with lacquer, paint or
enamel. The choice of the tape is predicated in part by the surface
to be coated.

Bare Surfaces

Bare metal surfaces prepared for stripping operations are masked
with pressure-sensitive adhesive tapes resistant to steam cleaning
and water rinseable paint removers (Reference 47). When steam
cleaning or treatment with paint removers is not employed, paper
base masking tapes are used (Reference 48).

Lacquered Surfaces

Cellulose nitrate or acrylic-nitrocellulose base lacquers require
a special paper base tape (Reference 49). This tape does not lift
underlying lacquer when removed and is sufficiently resistant to
prevent penetration of lacquer during application.

Painted and Enameled Surfaces

Painted and enameled surfaces use paper base tapes for mask-
ing operations (Reference 48). This tape does not lift underlying
finishes and is sufficiently resistant to penetration by finishes dur-
ing application. A primer is available for application over painted
surfaces to increase the adhesion of pressure-sensitive adhesive
tapes (Reference 50).

FLOOR COVERING INSTALLATION

Floor coverings are fabricated from asphalt, vinyl, rubber, cork
and linoleum materials, available either in tiles usually 9 inch by
9 inch squares and in continuous sheets. These floor coverings are
laid directly on wood, concrete and metal subfloors. The choice of
adhesive is in part dependent on the composition of the floor cover-
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ing and in part on the type of subfloor. However, regardless of end
use, these adhesives are pastes, applied by trowelling techniques
and cured at room temperature.
Asphalt Tiles

Asphalt tiles are laid to wood, concrete and metal subifloors
with water base (References 51, 52) or solvent base (Reference 53)
asphaltic adhesives. The processing and performance characteristics
are essentially equivalent; however, the solvent base adhesive may
require a primer prior to application over cement finished concrete
slabs.
Vinyl Tiles

Vinyl asbestos tiles, like asphalt tiles, are laid with water
base asphaltic adhesives (Reference 52). However, there is a latex
adhesive available specifically for the laying of fire resistant grade
vinyl tiles to metal subfloors (Reference 54).
Rubber Tiles

There are no specifications covering adhesives for the laying
of rubber tiles. Nevertheless, experience has shown that water base
asphaltic adhesives (Reference 52) and latex adhesives (Reference
54) will adhere rubber tiles.
Cork and Linoleum

Cork andlinoleum are laid with water base cements (References
55, 56) to wood and occasionally to concrete subfloors. These ce-
ments do not perform satisfactorily against metal subfloors. Latex
cement (Reference 54) should be used over metal subfloors.

BIBLIOGRAPHY

Road Repair
Concrete Roadways

1. MMM-B-00350 Binder, adhesive, epoxy resin, flexible, 22 June 1962,
No QPL.

2. MMM-G-00650 Grout, adhesive, epoxy resin, flexible, filled, 29 June
1962. No QPL.

Surface Membranes

3. MIL-A-52264 Adhesive, synthetic-rubber; nitrile-rubber and vinyleresin
base (for bonding prefabricated airfield and road surfacing membrane),
15 January 1963. No QPL.

Metal Foundation Repair

4, QQ-C-100 Cement, iron and steel, 14 February 1964. No QPL. (See
also MIL-C-1219 abstract.).

Corrosion Prevention

5. MIL-T-23142 Tape, pressure-sensitive adhesive, for dissimiliar metal
separation, 10 May 1962. No QPL.
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6. PPP-T-66 Tape, pressure-sensitive adhesive, vinyl plastic film,
11 December 1963. No QPL.

7. L-T-100 Tape, pressure-sensitive adhesive, polyester film, 30 August
1960. No QPL.

Exterior Wall Constraction
Moderate Temperature Service

8. SS-C-181 Cement, masonry, 23 September 1960. No QPL.

9. SS-C-218 Cement, slag, 21 November 1960. No QPL.

10, HH-C-176 Cement; silica, 1 August 1933. No QPL.
11. SS-C-188 Cement, plastic, fatty acid pitch base, 1 February 1956.NoQPL.

High Temperature Service

12. HH-M-630 Mortar, refractory, silica, 3 January 1964. No QPL.
13. HH-M-00611 Mortar, refractory, air setting, bonding (wet or dry types),
15 November 1962. No QPL.

Very High Temperature Service

14, HH-C-451 Clay; fire, ground, 28 June 1955. No QPL.

15. HH-M-622 Mortar; refractory, heat-setting, 24 June 1955. No QPL.

16. HH-R-191 Refractories; fire clay, plastic, 7 August 1952. No QPL.

17. MIL-P-15731 Plastic mix, refractory (Superduty, fire clay), 2 Novem-
ber 1960. Has QPL.,

Roof Construction and Repair

18. SS-A-150 Adhesive compound, fatty acid pitch base (for use with
fiberglass, roofing felts, roll roofing, roofing fabric), 6 April 1959.
No QPL.

19. SS-C-153 Cement, bituminous, plastic, 1 August 1933. No QPL.

20. MIL-A-46028 Adhesive, flashout, cold-setting (water cured), 29 Janu-
ary 1959. No QPL.

21. SS-C-188 Cement, plastic, fatty acid pitch base, 1 February 1956.
No QPL.

Plumbing

22. MIL-S-15204 Sealing compound, joint and thread, high temperature,
17 September 1962. Has QPL.

23. MIL-A-22010 Adhesive, solvent type, polyvinyl chloride, 9 June 1961.
No QPL.

24. QQ-C-40 Calking: lead wool and lead pig, 15 April 1963. No QPL.

25. SS-C-608 Compounds, jointing; sulfur (for bell-and-spigot cast-iron
pipe), 8 January 1947. No QPL.

26. MIL-S-17377 Sealing compound, boiler-casing, 2 August 1960. Has QPL.,

27. MIL-T-4053 Tape, pressure-sensitive, adhesive (corrosion resistant),
20 August 1962. No QPL.

28. SS5-5-168 Sealing compound, sewer, bituminous, two component, min-
eral filled, cold applied, 9 April 1962. No QPL.

29. S§S-S5-169 Sealer, joint, sewer, mineral filled, hot pour, 20 April 1954,
No QPL.

30. HH-C-536 Compound; plumbing-fixture-setting, 20 April 1954. No QPL.

Installation of Thermal Insulation
Primary Insulation

31. HH-I-00500 Insulating cements, thermal, 24 May 1956. No QPL.

32. MIL-C-2908 Cements, finishing, insulation, 20 March 1960. No QPL.

33. HH-C-168 Cement, insulation; thermal, mineral wool, 26 April 1946,
No QPL.
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34. MIL-C-2861 Cement, insulation, high temperature, 17 September 1963.
Has QPL.

35. MIL-P-15384 Plastic mix, refractory (water-wall, boiler, chrome ore
plastic), 15 December 1959. No QPL.

Secondary Insulation

36. MIL-A-18065 Adhesives, high initial bond, 17 December 1959.Has QPL.

37. MIL-C-3316 Adhesives, fire-resistant, thermal insulation, 19 Novem-
ber 1960. Has QPL.

38. MIL-A-15199 Adhesive, asbestos cloth to pipe, insulation, 21 May
1959. No QPL.

39, 0-S-605 Sodium silicate solutions, 1 September 1960. No QPL.

Interior Wall Construction
Plastered Walls

40. SS5-C-00161. Cement, Keene’s, 10 August 1956. No QPL.
41. SS-P-402 Plaster; gypsum, 5 May 1945. No QPL.

Acoustical Tiled Walls and Ceilings

42, MMM-A-00150 Adhesive for Acoustical materials, 3 October 1962.
No QPL.

Decorative Plywood and Laminates

43, MMM-A-00130 Adhesive, contact, 2 October 1961. No QPL.
44, MIL-A-21366 Adhesive, plastic table top material to aluminum bond-
ing, 11 May 1960. No QPL.

Bathroom and Kitchen Walls

45. CS 168-50 Polystyrene plastic wall tiles and adhesives for their
application, 15 July 1950. Has QPL.

46. CS 181-52 Water-resistant organic adhesives for installation of clay
tile, 12 July 1952. Has QPL.

Painting

47. MIL-T-22397 Tape, pressure-sensitive adhesive, for masking during
paintstripping operations, 23 August 1963. No QPL.

48. UU-T-106 Tape, pressure-sensitive adhesive, masking, paper, 27
July 1959. No QPL.

49. MIL-T-21595 Tape, pressure-sensitive adhesive, paper masking,
nonstaining, 6 July 1959. Has QPL.

50. MIL-P-3542 Primer, pressure-sensitive tape, 24 April 1958. No QPL.

Floor Covering Installation

51. S5-A-00138 Adhesive, asphalt, water emulsion type (for asphalt tile),
8 May 1952. No QPL.

52. MMM-A-115 Adhesive, asphalt, water emulsion type (for asphalt and
vinyl asbestos tile), 3 January 1964. No QPL.

53. S$S-A-128 Adhesive, asphalt, cut-back type (for asphalt tile), 3 July
1952. No QPL.

54, MIL-A-21016 Adhesive, linoleum and plastic tile, 28 November 1962.
Has QPL.

55, MMM-A-00137 Adhesive, linoleum, 11 February 1963. No QPL,

56. 0-P-106 Paste, linoleum, 17 October 1939. No QPL.
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12. OTHER ADHESIVES

Adhesives have found extensive usage in many specialized ap-
plications. The pyrotechnic industry uses adhesives in manufactur-
ing solid propellants for rocket technology and ammunition. The
dental industry uses these cements for the restoration of tooth struc-
ture and the medical industry for minor and major corrective surgical
procedures. Photographers use bonding materials for film processing
and demonstration purposes. Foundries employ binders for sand
molding of metal castings. Specialized adhesives are available for
engine construction and insulation, finishing operations and sealing
applications.

PYROTECHNIC ADHESIVES

Pyrotechnic materials are available as low explosives and high
explosives. The low explosives undergo decomposition by a deflagra-
tion process. Burning starts at or near the surface and continues
rapidly with the release of large quantities of hot gases. Deflagra-
tion is controlled by forming the low explosive into specific shapes
and bonding plastic inhibitors in areas where burning is not desired.
This process is used in solid rocket propellant and, in part, in gun
ammunition technologies.

High explosives undergo decomposition by a detonation process.
The explosives decompose almost instantaneously. This process
requires considerable energy to cause detonation. Fuses containing
highly reactive primary explosive materials are used to impart the
initial detonation, which in turn provides sufficient energy to cause
instantaneous decomposition of the high explosive. This process is
used in gun ammunition technology.

Two classes of propellants are available. The first, the mono-
propellants, is based on nitrocellulose (single base) or nitrocel-
lulose-nitroglycerine mixtures (double base) in which each molecule
contains the necessary fuel and oxygen components for combustion.
The second, the bipropellants, consists of mixtures of fuel and a
separate oxidizer. The oxidizer is an inorganic crystalline material,
such as ammonium perchlorate. The fuel is a plastic binder which
holds the mixture in a uniform structure.
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Adhesives are used in propellant, inhibitor, fuse and assembly
operations of pyrotechnic material manufacture. They additionally
find use in packaging of explosives, their positioning prior to firing
and in their actual firing.

Propellant Manufacture

Monopropellants may be stored for long periods of time. During
this storage period they may deteriorate, as had occurred with World
War I ammunition. The deteriorated product, as well as new mono-
propellant destined for small arms and sporting ammunition, may
be converted or made into safe stock by the use of animal glues
(Reference 1). The deteriorated or new stock is put into solution
and animal glue added as a protective colloid. This causes the
mixture to coalesce into small balls for subsequent drying and load-
ing into ammunition cases.

Bipropellants are manufactured using cellulose nitrate (Refer-
ence 2), polyisobutylene (References 3, 4) and polystyrene (Refer-
ence 5) binders. Recently phenolics, acrylics, synthetic rubbers
and vinyls are being used. However, specifications covering these
materials for this application are not yet available.

Inhibitors

The deflagration of propellant charges is controlled in part by
bonding ethyl cellulose and cellulose acetate film in areas where
burning is to be controlled. These materials are essentially non-
burning when compared to the speed of propellant combustion. Cel-
lulose nitrate adhesives are suitable for this purpose (Reference 6).
Fuses

Fuses consist of (1) tubular cotton or hemp cords containing
slow burning gunpowder mixtures which are ignited by flame and
(2) highly sensitive primer mixtures such as fulminates, azides, etc.,
which detonate by percussion or electrical means. These fuses,
especially the former, become inactive if wet. Adhesives such as
animal glue (References 7, 8, 9), gum tragacanth (Reference 10)
and rubber mixtures (Reference 11) are available for sealing the
fuse proper during manufacture against entrance of moisture. Teflon
pressure-sensitive adhesive tape is employed during demolition
operations .for (1) making watertight seals around blasting cap and
detonating cord, (2) splicing of firing cables to prevent shorting out
of firing circuits, (3) making watertight seals around junctions of
nonelectrical cap and safety fise and (4) general use in underwater
demolition (Reference 12).

Ammunition Assembly

Propellants, once processed, require loading, assembly and
sealing of components, the latter especially against moisture. Pett-
man cement (Reference 13), vegetable glue (Reference 14) and cel-
lulose nitrate (Reference 15) are used for these purposes. The latter
will bond glass, leather, metals, textiles and some thermoplastics.
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A specially formulated cellulose nitrate adhesive is also available
specifically for sealing ammunition components (Reference 16).
Closures

Solid rocket propellant cases contain nozzles for exit of hot
gases during firing. However, during storage these nozzles must be
sealed to prevent entrance of moisture. Cellular polystyrene, which
is readily blown away during firing, is bonded to the nozzle for this
purpose. Isocyanate base adhesives which are activated with water
are suitable (Reference 17). This adhesive must be used with good
ventilation to reduce toxic hazards to personnel.

Packaging

Explosives are packaged for shipment and storage. The cartons
must use adhesives which are compatible with the explosive.

Ammunition fiber containers use adhesives for temporary bond-
ing of chipboard and metal for the period between the time of manu-
facture and loading of the ammunition into fiber containers (Refer-
ence 18). Water, oil and mold resistance are not available with this
adhesive.

Dexirin (Reference 19) and animal glue {Reference 9), com-
patible with ammunition, are suitable for spirally wound tubes and
fiberboard containers.

Pressure-sensitive adhesive tapes, also compatible, can be
used for reinforcing and sealing ammunition cartons (References
20, 21, 22).

Waterproofing of ammunition components and cartons can be
made with rubber (Reference 11) and asphalt base (Reference 23)
materials.

Charge Location

During demolition operations it may be necessary to suspend
explosive charges from an overhead or vertical position. Adhesive
pastes capable of sustaining shear loads up to 225 grams per square
inch at room temperature are available (Reference 24). These tacky
pastes are applied to the substructure and the explosive charge
pushed into it.

General Purpose Pyrotechnic Adhesives

Acrylic, epoxy, rubber and vinyl adhesives can be used for
general purpose bonding work with pyrotechnic materials. However,
in each case the specific adhesive must be checked for its com-
patibility with the explosive charge contacted. Picatinny Arsenal,
Dover, New Jersey carries out these compatibility tests.

Acrylic adhesives offer high speed, room temperature curing;
however, the adhesive is exceedingly expensive and not entirely
waterproof (Reference 25).

Epoxy adhesives are slower curing (at room temperature) than
the acrylics but are less expensive and have excellent mechanical
properties and resistance to moisture (Reference 26).
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Rubber cements are also slower curing but less expensive than
the acrylics and, unlike the epoxies, have the distinct advantage
of being ready to use directly from the container (Reference 270.

DENTAL ADHESIVES

Corrective dental surgery covers (1) the removal of localized
diseased areas from single teeth, (2) the buildup of eroded teeth
and (3) the complete replacement of the entire tooth structure. These
operations require adhesive bonding technology.

Whenever a diseased section of a tooth is to be removed, the
dental surgeon carves out a crater containing the diseased area
and then fills it with an inlay or crown material. Under certain cir-
cumstances, the prepared cavity is lined with a coating or heat in-
sulating base. When living tissue is removed from the root canals,
these are sealed with cements prior to inclusion of the inlay material.

The inlay and some of the crown materials are cements. These
are specialized adhesives which, rather than solely adhering two
components together, become one of the adherends. If the inlay or
crown materials are fabricated outside of the mouth, certain of these
cements are used for adhering these restorations to the remaining
tooth structure.

Cavity Liners

Certain liners are used prior to installation of the inlay or crown
material whenever the cavity touches or is in close proximity to the
tooth pulp structure.

Zinc oxide-oleoresin (Reference 28), zinc oxide-eugenol (Ref-
erence 29) and copper-zinc phosphate (Reference 30) cements are
used to seal root canals and as a lining and pulp capping agent.
The latter cementhas potent germicidal activity but is more irritating
to pulp tissue than the former two cements.

Varnishes consisting of natural or synthetic resins in nonirri-
tating solvents are used to seal the dentinal tubules to reduce pulp
damage induced by the acidic nature of subsequently used temporary
cements (Reference 31).

Temporary Cements

The temporary cements are room temperature curing, relatively
impermanent materials of low strength, which gradually dissolve in
the mouth fluids. Zinc phosphate, copper phosphate, zinc oxide-
eugenol and silicates are typical temporary cements.

Zinc phosphate cements are used primarily for adhering pre-
fabricated restorations and secondarily for temporary fillings and as
a heat insulating base under more permanent inlays (Reference 32).
It has a water wet compressive strength of at least 12,000 psi.

Copper-zinc phosphate cements are used primarily for root canal
fillings and temporary fillings in deciduous teeth and secondarily
as heat insulating bases under permanent restorations where potent
germicidal action is required (Reference 30). It has a water wet
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compressive strength of at least 15,000 psi.

Zinc oxide-eugenol cements are used primarily for temporary
fillings, pulp capping and as a thermal insulating base under per-
manent restorations and secondarily for root canal restorations (Ref-
erence 29). These cements are the least irritating of all the cements,
possess some antiseptic qualities due to the eugenol and have a
water wet compressive strength of at least 1,000 psi.

Silicate cements are used primarily for anterior teeth restora-
tions and secondarily for bonding translucent prefabricated restora-
tions (Reference 33). This cement is the strongest of all the cements
but because of its highly irritating nature cannot be used in deep
cavities that are close to the dental pulp. It has a water wet com-
pressive strength of at least 23,000 psi.

Permanent Cements

The permanent cements are room temperature curing materials
which resist mechanical shock and the deteriorating action of mouth
fluids for relatively long periods of time. Metal alloys such as amal-
gams, gold and platinum are typical permanent cements.

Dental amalgams consisting of mixtures of mercury (Reference
34) and silver (Reference 35) are by far the most extensively used
permanent cement. This cement is a good conductor of heat and
may require a heat insulating base in sensitive areas.

Gold foil is used for permanent restorations where maximum
resistance to the deletericus action of mouth fluids is desired (Ref-
erence 36). The gold foil will weld at room temperature under pres-
sure when its surface is freed of impurities. This is accomplished
by heating the gold sufficiently to drive off all the absorbed gas
molecules prior to the welding operation.

Platinum foil is occasionally used for permanent restorations
either alone or condensed with gold foil in fabricating the restora-
tion (Reference 37).

MEDICAL ADHESIVES

Corrective medical practices require materials which are sterile.
Bonding materials used for surgical pack wrappers and bandages
must retain their adhesive characteristics during and after steam
sterilization.

Pressure-sensitive adhesive paper tapes are used for sealing
surgical pack wrappers prior to steam sterilization (Reference 38),
These tapes indicate by color change that medical equipment has
been sterilized by steam. No color change occurs under dry heat.

A wide variety of bandages containing pressure-sensitive ad-
hesives are available to the medical profession. Typical are the
sterile cotton gauze (Reference 39) and absorbent {Reference 40)
bandages as well as surgical adhesive plaster (Reference 41).
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PHOTOGRAPHIC ADHESIVES

Photographic processes include (1) blocking and edging of neg-
atives, (2) splicing of film, (3) sealing of photographic film cans
and magazines, (4) mounting of photographic prints and (5) general
photographic binder work. Each of these operations use adhesives.
Blocking and Edging

Negatives prior to preparation of prints may require blocking
out of undesirable impressions as well as incorporating edging re-
quirements. These are achieved with either black crepe paper (Ref-
erence 42) or translucent, ruby red plastic (Reference 43) pres-
sure-sensitive adhesive tapes. The latter provides good color con-
trast with the negative.

Splicing

Photographic film and paper are spliced during processing and
during demonstration operations. Black cellulose acetate pres-
sure-sensitive adhesive tape is used during processing (Reference
44). It is suitable for aerial film. Transparent polyester pressure-sen-
sitive adhesive tape is used for splicing film and tape, including
connecting film to spools and to leaders for demonstration purposes
(Reference 45).

Sealing

Photographic film cans and magazines are sealed during ship-
ment and storage. Pressure-sensitive adhesive tapes are used for
this purpose. Black polyvinyl chloride tapes (References 46, 47)
and black crepe paper tapes (Reference 48) are available. None of
the tapes fog undeveloped film, and the vinyl tapes provide good
resistance against entrance of moisture.

Mounting

Once prints are made they are usually mounted in albums. Pres-
sure-sensitive adhesive tape coated on both sides permits direct
application (Reference 49). Paste (Reference 50) and rubber cements
(References 51, 52) are specially formulated so that they will not
curl, wrinkle or shrink the prints or album paper.

Binders

Certain photographic and lithographic processing may require
binders. Gum acacia is suitable for this purpose (Reference 53).
However, a small amount of plasticizer may be required to reduce
the brittleness of this material.

FOUNDRY BINDERS

Complicated metal parts can be fabricated using sand molding
techniques. The process consists of mixing binders with sand, ac-
tivating with water, pouring the mixture over a pattern, allowing it
to harden, removing the pattern and then casting the molten metal
into the sand pattern. Dextrin (Reference 54) and fire clay (Refer-
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ence 55) adhesives are used as the sand binders.

Foundry core sections are sometimes joined in building parts.
Room temperature curing binders capable of sustaining temperatures
as high as 3100 I' without boiling or swelling out of the jointare
available (Reference 56). These binders provide joints with strengths
equal to or better than the solid core.

MISCELLANEOUS ADHESIVES

Bonding materials are employed in (1) engines and plumbing,
(2) bonding of grinding disks, (3) sealing of smoke pots and (4)
masking of parts during plating operations.

Engine Construction

Adhesives are used for bonding uncoated gaskets between the
cylinder block and cylinder head of large engines as well as for
assembling fuel lines, particularly the pipe ells at the fuel pump to
prevent leakage of fluids (Reference 57). These adhesives do not
blister, crack or check in the presence of ethylene glycol, alcohol,
aromatic fluids or boiling water.

Rocket engines are subject to severe temperature exposure.
Insulating cements, applied by trowelling or spraying, provide pro-
tection against these temperatures, even those produced by a blow
torch (Reference 58). The cement has sufficient mechanical strength
to resist impact loads greater than 15 foot-pounds.

Finishing Operations

Finishing operations involving grinding use abrasive disks
which are backed with metal plates. This abrasive is adhesively
bonded to prevent slippage and tearing during the grinding process
(Reference 59). These adhesives sustain elevated temperatures
induced by friction incurred during this finishing operation,

Sealing

Smoke pots when not in use are sealed with pressure-sensitive
adhesive cotton tape which is cut on the bias (Reference 60). The
bias cut permits more ready application to the surface to be sealed.
Plating

During electroplating operations, selected areas may require
no plating. This can be achieved with masking tapes. Both vinyl
(Reference 61) and lead foil (Reference 62) pressure-sensitive ad-
hesive tapes are employed for the masking. The latter tape is par-
ticularly useful in hard chrome plating operations where a “‘thieving
action’ is desired.
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BIBLIOGRAPHY

Pyrotechnic Adhesives
Propellant Manufacture

1. MIL-G-46030 Glue, animal (protective colloid), 2 November 1960. No
QPL.
2, MIL-B-10854 Binder, cellulose nitrate-camphor (for pyrotechnic mix-
tures), 22 January 1951. No QPL.
3. MIL-P-14536 Polyisobutylene binder, 12 June 1957. No QPL.
4. MIL-P-13298 Polyisobutylene (for ordnance use), 11 March 1958. No
QPL.
5. MIL-P-55025 Polystyrene, unmodified (for use as a binder in ex-
plosives), 23 June 1958. No QPL.
Inhibitors
6. MIL-A-3167 Adhesives (for plastic inhibitors), 21 August 1951. No
QPL.
Fuses
7. MMM-A-100 Adhesive, animal-glue, 10 December 1963. No QPL.
8. JAN-C-338 Glue, animal, 30 April 1946. No QPL.
9. MIL-C-20469 Glue (for use in loading of ammunition), 27 November
1951. No QPL.
10. JAN-G-96 Gum tragacanth (for use in ammunition), 25 October 1944,
No QPL.
1l. MIL-C-20299 Compound, adhesive, waterproof, 21 November 1951, No
QPL.
12. MIL-T-23594 Tapes, pressure-sensitive adhesive, electrical; high

temperature insulation, polytetrafluoroethylene, 8 February 1963. Has
QPL.

Ammunition Assembly

13. JAN-C-99 Cement, Pettman, 30 November 1945. No QPL.

14. MIL-G-3937 Glue, vegetable, 8 December 1954. No QPL.

15. MIL-C-11238 Adhesive, cellulose nitrate (for ordnance use), 18 Sept-
ember 1962. No QPL.

16. MIL-A-388 Adhesive and sealing compounds, cellulose nitrate base,
9 June 1959. No QPL.

Closures

17, MIL-A-46028 Adhesive, flashout, cold-setting (water cured), 29 Jan-
uary 1959. No QPL.

Packaging

18. MIL-A-45059 Adhesives for bonding chipboard to terneplate, tinplate
and zincplate, 24 April 1958. No QPL.

19. MIL-A-13374 Adhesive, dextrin (spiral tube winding for ammunition
containers), 20 December 1956, No QPL.

20. MIL-T-11291 Tape, adhesive, aluminum-backed (for use with ammuni«
tion), 24 July 1951. No QPL.

21. PPP-T-0060 Tape; pressure-sensitive adhesive, waterproof — for
packaging and sealing, 30 November 1961. Has QPL.

22. MIL-T-43036 Tape, pressure-sensitive adhesive, plastic film, fila-
ment reinforced (for sealing fiber containers and cans), 29 March 1963.
No QPL.

23. MIL-A-3029 Asphalt, waterproofing (for use in manufacture of fiber

ammunition containers), 17 April 1950. No QPL.
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Charge Location

24. MIL-A-374 Adhesive, paste, for demolition charges, 31 January 1953.
No QPL.

General Purpose Pyrotechnic Adhesives

25. MIL-A-46050 Adhesive, special; rapid room temperature curing, sol-
ventless, 16 July 1963. No QPL.

26, MIL-A-14042 Adhesive, epoxy, 17 July 1959. Has QPL.

27. MIL-A-13883 Adhesive, synthetic-rubber (hot or cold bondmg) 7 No-
vember 1960. No QPL.

Dental Adhesives
Cavity Liners and Temporary Cements

28. U-S-00156 Sealing compound, dental (root canal), 14 June 1957. No
QPL.

29. U-C-208 Cement, zinc oxide and eugenol, dental, 11 March 1957. No
QPL.

30. U-C-198 Cement, copper and zinc phosphates, dental, 23 January 1957.
No QPL.

31. U-C-133 Cavity lining and thinner set, dental, 14 August 1957. No
QPL.

32. U-C-211 Cement; zinc phosphate, dental, 13 December 1956. No QPL.

33. U-C-205 Cement, silicate; and accesories (dental), 13 February 1951.
No QPL.

Permanent Cements

34. U-M-200 Mercury, dental, 30 March 1960. No QPL.,

85. U-S-350 Silver alloy powders, dental, 16 April 1957. No QPL.

36. QQ-G-545 Gold; foil, cylinders (for dental fillings), 30 March 1951.
No QPL.

37. (QQ-P-428 Platinum foil (dental), 9 April 1957. No QPL.

Medical Adhesives

38. UU-T-118 Tape, paper, pressure-sensitive adhesive, hospital steri-
~ lizer, sealing, 3 April 1959. No QPL.

9.7 JJ-B-107 Bandages, sell-adherent, 20 August 1952, No QPL.

407> DDD-B-0035 Bandages, absorbent, adhesive, 15 October 1963. No
~ QPL.

41> U-P-401 Plaster, adhesive, surgical, 23 June 1959. No QPL

Photographic Adhesives

Blocking and Edging

42. UU-T-123 Tape, pressure-sensitive adhesive, paper, photographic,
11 August 1960. No QPL.

43. MIL-T-40620 Tape, pressure-sensitive adhesive, lithograph, 6 April
1962. No QPL.

Splicing
44. MIL-T-4403 Tape, pressure-sensitive adhesive, cloth, aerial film
splicing, 2 January 1953. No QPL.

45, MIL-T-26317 Tape, pressure-sensitive adhesive, transparent, film
splicing, 27 October 1960. No QPL.

Sealing

46. MIL-T-4239 Tape, pressure-sensitive adhesive, vinyl-plastic, opaque,
photographic, 30 October 1951, No QPL,
47. PPP-T-66 Tape; pressure-sensitive adhesive, vinyl plastic film, 11
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December 1963. No QPL.

48. UU-T-123 Tape, pressure-sensitive adhesive, paper, photographic, 11
August 1960. No QPL.

Mounting

49. UU-T-91 Tape, pressure-sensitive adhesive, double~coated, 5 Decem-
ber 1962. No QPL.

50. MMM-A-177 Adhesive, paste, office and photomounting, 21 January
1964. No QPL.

51. ZZ-C-191 Cement; rubber (artists’ and photographers’ and cold patch-
ing), 10 December 1959. No QPL.

59. MMM-A-00185 Adhesive, rubber (for paper bonding), 22 January 1963.
No QPL.

Binders
53. JJJ-A-20 Acacia, technical (gum arabic), 24 January 1958. No QPL.
Foundry Binders

54, MIL-D-17260 Dextrin (foundry use), 20 July 1953. No QPL.

55. MIL-C-17069 Clay, fire (binder for foundry molding sands), 27 August
1952. No QPL.

56. MIL-C-12769 Binder compound, foundry core, 21 November 1961. No
QPL.

Miscellaneous Adhesives
Engines

57. MIL-C-10523 Cement, gasket, for automotive applications, 23 Decem-

ber 1952. No QPL.
58. MIL-C-22608 Compound, insulating, high temperature, 8 August 1960.
No QPL.

Abrasives

59, MIL-C-14064 Cement: grinding disk, 22 June 1962. No QPL.
Smoke Pots

60. MIL-T-13222 Tape, adhesive, bias, 26 October 1954. No QPL.
Plating

61. HH-T-0025 Tape, pressure-sensitive adhesive, plastic (for electro-
plating), 17 January 1964. No QPL.

62. HH-T-0029 Tape, pressure-sensitive adhesive, lead foil, 17 January
1964. No QPL.
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NOTICE TO THE READER

Specifications are living documents: they are continuously be-
ing created, changed and cancelled. The following abstracts (tab-
ulated in numerical order — Federal first, Military second and others
third) reflect the current status of these documents, giving the latest
issue date, revision and amendment.

These abstracts additionally set forth the six basic constituents
of any specification. These are Scope, Classification, Properties,
Form, Qualified Products List and Notes.

The Scope defines the purpose of the jeining agent — specifi-
cally, what the adhesive is intended to do and what it will bond.

The Classification section defines the various condifions, ex-
pressed as types, classes and grades, under which the adhesive is
available.

The Properties section is subdivided into four parts. These
are chemical, physical, process and performance. The chemical
section designates the composition of the joining agents. However,
for various reasons, some specifications do not define the ingredi-
ents; one purpose is to leave the choice to the manufacturerin order
to promote competition among the suppliers. The physical properties
give the characteristics of the joining agents which will be needed
if the material is to meet the intended purpose. Such things as vis-
cosity, solids and ash content, toxicity, flexibility, specific gravity,
consistency, pH, etc. fall into this category. Process properties
define the make-ready and curing conditions necessary to convert
the bonding material. Storage requirements are given here since
they are an integral part of the conversion process. Performance
properties define what is expected from the joining agent when
properly converted.

The Form defines the physical state of the joining material,
such as liquid, solid, film, etc., and the quantities in which it is
normally available. Some of the specifications do not specify quan-
tities, and these are noted accordingly. Packaging specifications
covering the containers are not given.

The Notes give additional information of value to the user such
as which type, grade or class is preferable for a specific applica-
tion, other types of adherends which can be joined, etc.
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Fach abstract contains all the data actually defined in the
specification. Where specific items need modification or are not
given, the reader should add these in any purchase orders.

A certain degree of caution is necessary concerning the use
of adhesives conforming to any specification. The properties are
guaranteed only when the specific adherends are tested in strict
accordance with the procedures given in the specification. A change
in adherends may change the expected performance properties. Fur-
ther, the test methods employed may not reflect the actual environ-
mental conditions of a particular part. And still further, performance
properties called out by a specification are generally minimum; the
actual values obtained with the adhesives should be higher than
specified. Consequently, the specification values serve admirab-
ly as a screening technique to reduce development costs.

When a specification sppears promising, the final step is to
obtain adhesives covered by these documents. Certain of the speci-
fications have concomitant Qualified Products Lists (QPL) which
give the names of adhesives, including the suppliers, which meet
the requirements. When no Qualified Products List exists, many
adhesive suppliers will certify that their products conform to the
requirements (if they do) when procured under the specification desig-
nation.

At the suggestion of certain adhesive bonding specialists,
specifications canceled within the past year have been retained in
both parts of this book. Once a specification is used in industry,
there is some lead time necessary to phase out its use when it is
.canceled.

Appendix B lists all of the adhesive material specifications
abstracted. Many of these specifications refer to other documents
to define some of the adherends and test procedures. These refer-
ences are designated by the document number in the abstract.

The following abstracts are a compilation of essential
data contained in adhesive material specifications.
Extensive effort has been made to verify and check
the information contained in each abstract. However,
neither the author nor the publisher is responsible
for errors which may have occurred in this book.
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L-T-90 TAPE, PRESSURE-SENSITIVE ADHESIVE
(CELLOPHANE AND CELLULOSE ACETATE)

Issue: 13 January 1961 Revision: ¢ = Amendment: 1

SCOPE

This pressure-sensitive tape is intended for mending, rein-
forcing, securing, shielding and temporary identifications.

CLASSIFICATION

The tape is available in two types and four classes.
Type 1
Class A Cellophane, transparent
Class B Cellophane, colored
Type 11
Class A Cellulose acetate, transparent, low reflectance
Class B Cellulose acetate, transparent, glossy backed

PROPERTIES

CHEMICAL. The tape consists of a cellophane (Type I) or
cellulose acetate (Type II) backing coated on one side with an
unspecified adhesive.

PHYSICAL. The tape, Type I, Class A and Type II, Classes
A and B, is sufficiently transparent to read 5 point type. The other
physical properties of the tape are given in Table I.

TABLE 1. PHYSICAL PROPERTIES OF L-T-90 TAPE

TYPE I TYPE II
PROPERTY Class A Class B Class A C(lass B
Thickness, in., max 0.0035 0,0035 0.0035 0.0035
Tensile strength, 1b/in.,
at 75 F, min 20 20 12 12
Opacity, %, max (1) 12 NR 12 12
Specular gloss, max (2) NR NR 11 NR

(1) UU-P-31, Method 151 or TAPPI No. T425m.
(2) Fed Test Method Std No. 141, Method 6101 or ASTM D523.
NR = No Requirement

PROCESS. The tape requires no moisture, heat or otherprepa-
ration prior to or subsequent to application. An unwinding force no
greater than 40 ounces and 30 ounces per inch of width, respec-
tively, is necessary for both Type I and Type II tape as received
and after 1 year storage. The tape is capable of being stored 1 year
at 73 F in the original unopened package.

PERFORMANCE. The Type II tape adhered to bond paper
(UU-P-121, Type III, 25%) after 72 hours at 150 F and 80% RH under

Y% psi bonding pressure does not exude any adhesive sufficient to
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L-T-90 (Continued)

cause blocking. Further, Type II, Class A tape will accept writing
by pencil, pen, typewriter, etc. Type I adheres tenaciously to bond
paper such that it cannot be removed without pulling fibers from
the paper. The other performance properties are given in Table II.

TABLE II. PERFORMANCE PROPERTIES OF L-T-90 TAPE

TYPE | TYPE II
PROPERTY Class A Class B Class A C(Class B
Peel, oz/in., at 75 F, max
Initial (1) 20 20 12 12
After accelerated aging
By light (2) 20 20 12 12
By heat, 150 I and 80%
RH, 30 hr (3) 20 20 12 12

Shrinkage, %, max
After accelerated weathering,
36 hr (4) NR NR 10 10
Tape separation, %, max
After accelerated weathering,

36 hr (4) NR NR 15 15

(1) UU-P-31. Method 100, using a commercial polish ground stainless steel
substrate (QQ-5-766).

(2) General Electric Type RS Sunlamp emitting 13.2 erythermal units for 30
hours (Type I) and 120 hours (Type II) at 120 F on tape adhered to glass.
Type II has this peel strength after storing tape 1 year before application.

(3) Tape to a glass substrate.

(4) Fed Test Method Std No. 141, Method 6151 or ASTM D822, using tape ad-
hered to stainless steel.

NR = No Requirement

FORM

The tape is available in the lengths and widths given in Table
III. The Type I, Class B tape is available in black, (light, medium,
and dark) blue, (light, medium, and dark) green, orange, red, white,
yellow and yellow-orange.
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L-T-90 (Continued)

TABLE IIl. AVAILABILITY OF L-T-90 TAPE

WIDTH AND LENGTH

DIAMETER OF TAPE,
TYPE CLASS DISPENSER OF CORE, IN. IN. (1)
I A Yes 1 Y x 200
% x 400
% x 300
II A Yes 1 % x 180
I, I A,B No 1 % x 1296
% x 1296
I,1I A,B No 3 (2)x 2592

(1) Three % inch splices may be encountered for rolls up to and longer than
1296 inches and one for rolls less than 1296 inches.

(2) These types and classes are available, unless otherwise specified, in }4,
%, 1, 1% and 2 inch widths.

QPL
Yes.

NOTES

(1) Use Type I tape for nonpermanent applications; Class A
is for holding, covering, light packaging, sealing, shielding and
general office use, and Class B for identification, charting, deco-
rating, holding, light packaging and sealing applications.

(2) Use Type II tape for permanent applications; Class A, a
dimensionally stable, long aging, invisible tape, is for mending
of paper, documents and books and Class B, a dimensionally stable,
long aging tape, for light holding, covering, shielding and sealing
applications.
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L-T-99 TAPE, PRESSURE-SENSITIVE ADHESIVE,
IDENTIFICATION (ACETATE-FIBER)

Issue: 11 September 1958 Revision: a Amendment: None
SCOPE

This printable, pressure-sensitive adhesive tape is intended
for labeling, identification and edging applications.

CLASSIFICATION

The tape is available in two types.
Type I Semi-permanent labeling and identification
Type II Permanent labeling, identification and edging

PROPERTIES

CHEMICAL. The tape consists of a laminated cellulose ace-
tate plastic film and paper reinforcing tissue backing coated on the
paper side with an unspecified adhesive. The laminating adhesive
is either pigmented or unpigmented.

PHYSICAL. The tape is no more than 0.0065 inch thick for
Type I and 0.0055 inch thick for Type II; both types have a tensile
strength of at least 25 1b/in. of width and the unpigmented tapes
are sufficiently transparent to read 10 point type. Any tape printing
is specified by the user.

PROCESS. The tape requires no moisture, heat or other prep-
aration prior to or subsequent to application. There is no transfer-
ring or off-setting of the ink on printed tape when removed from a
freely rotating roll at a rate of 15-20 inches per second even after
storing the rolls 24 hours at 100 F.

PERFORMANCE. The tape adheres immediately and firmly
without wrinkling, curling, breaking or lifting. The other perform-
ance properties are given in Table L
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L-T-99 (Continued)

TABLE I. PERFORMANCE PROPERTIES OF L-T-99 TAPE

PROPERTY TYPE 1 TYPE 1I

Peel, oz/in., at 75 F, min
Initial 20 14

After accelerated aging
By light (2) NR 14

By heat, 150 F' and 80% RH

Film, 30 hr (3) NR 14
Roll, 7 days (4) 20 NR

(1) Tape is adhered to 302 or 304 stainless steel, Finish No. 4 (com-
mercial polish ground).

(2) General Electric Type RS Sunlamp emitting 13.2 erythermal units for
60 hours at 120 F on tape adhered to glass.

(3) Tape to glass adherends.

(4) The roll radii do not distort more than Y% inch nor is there any off-
setting or splitting when unwound at a speed of 5-7 inches per second.

NR = No Requirement

FORM

The tape is available in 72 yard rolls wound on 3 inch diameter
cores and, unless otherwise specified, in %, %, 1, 1%, and 2 inch
widths. Each roll may contain up to 3 splices. Type I transparent
tape is available in black, blue (light and medium), green (light
and medium), orange, orange-yellow, red, yellow and white; Type 11
is available in black, brown, red and white.

QPL
No.

NOTES

(1) Use Type I for short time labeling applications such as
files, containers, charts, etc. and colored tapes, with and without
printing, for identifying metals, color coding, etc.

(2) Use Type II for long time labeling applications such as
the above and also for edging documents, maps, charts, etc. for
protection during storage or handling.
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L-T-100 TAPE, PRESSURE-SENSITIVE ADHESIVE,
POLYESTER FILM

Issue: 30 August 1960  Revision: a  Amendment: None
SCOPE

This pressure-sensitive adhesive tape is intended where a high
degree of resistance to solvents, oils, hydraulic fuels and weather-
ing is required.

CLASSIFICATION

The tape is available in two types.
Type I Transparent, solvent resistant polyester
Type I Colored, solvent resistant polyester

PROPERTIES

CHEMICAL. The tape consists of a polyester film coated on
one side with an unspecified adhesive.

PHYSICAL. The tape, both types, is no more than 0.003 inch
thick, has a tensile strength of at least 17 1b/in. of width and an
ultimate elongation of at least 70%. The Type I tape is capable of
being printed on the adhesive side and the Type II on the backing
side in accordance with the supplier’s recommendations. Printing
is specified by the user.

PROCESS. The tape requires no moisture, heat, or other prep-
aration prior to or subsequent to application. There is no transfer-
ring or off-setting of the ink on printed tapes at 75 I, after aging
94 hours at 100 F, when removed at a rate of 15-20 inches per sec-
ond. The tape can be stored for 6 months and tapes no more than
90 days old are shipped by the supplier.

PERFORMANCE. The performance properties of the tape are
given in Table I.
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L-T-100 (Continued)
TABLE I. PERFORMANCE PROPERTIES OF L-T-100 TAPE

PROPERTY TYPE 1 TYPE II
Peel, o0z/in., at 75 F, min (1)
Initial 20 20
After accelerated weathering (2) 50 50
After 24 hr in water 20 20
After 72 hr in JP 4 fuel (MIL.-J-5629) 20 20
After 24 hr in aromatic fuel
(MIL-S-3136, Type II) 15 NR
After 72 hr in hydraulic fluid
(MIL-F-7083) 20 20
After 72 hr in SKYDROL 500 hy-
draulic fluid 15 NR
After 168 hr at 180 F 50 50
After 20 hr accelerated adhesive
weathering (2) 15 15
Corrosion on aluminum
After 168 hr at 180 F (1) None None

(1) The tape is adhered to 2024 Alclad Aluminum (QQ-A-362).
(2) Fed Test Method Std No. 141, Method 6151.
NR = No Requirement

FORM

The tape is available in 72 yard rolls wound on 3 inch diameter
cores.in %, %, %, 1, 1%, and 2 inch widths. Each roll may contain
up to 3 splices. Type I is colorless, and Type II is available in
gold, silver and commercially available colors.

QPL
No.

NOTES

(1) Use Type I for applications requiring resistance to sol-
vents, oils and hydraulic fluids. Typical applications are dissimilar
metal separation on aircraft and covering of pressure-sensitive iden-
tification tapes on fuel lines of aircraft and vehicles.

(2) Use Type Il for applications requiring weather resistance
and long-time aging characteristics such as labels, decorative strip-
ing and color coding. Where solvent resistance is required, cover

Type II with Type L.
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0-P-106 PASTE, LINOLEUM

Issue: 17 October 1939 Revision: None Amendment: None

SCOPE

This adhesive is intended for installation of linoleum, cork
carpets and other linoleum floor coverings.

CLASSIFICATION
One type only.

PROPERTIES

CHEMICAL. The adhesive consists of unspecified binders
and inorganic fillers dispersed in water.

PHYSICAL. The adhesive in nonalkaline to litmus paper, mold
resistant and does not have an objectionable odor.

PROCESS. The adhesive is applied by trowelling in thick-
nesses of 1/32 inch, the linoleum laid and the joint cured 72 hours
at room temperature under contact pressure. During storage the
filler does not separate out.

PERFORMANCE. The adhesive, 6 grams per 6 inch by 3 inch
burlap-backed linoleum tile, cured 16 hours between 70-and 90 F,
followed by 6 hours at 175 I, adheres without separation after (1)
being bent around a 5 inch diameter mandrel (face side first and
adhesive second side) and (2) being scraped with a knife. A cleav-
age force of at least 8 pounds separates a 2 inch by 6 inch by 3/8
inch No. 1 common white pine board and a 2 inch by 8 inch by 1/8
inch thick battleship linoleum tile with unpainted burlap back after
the joint using 4 grams of paste (on pine) is cured at 75 F for 72
hours under 10 pounds bonding pressure.

FORM

The paste adhesive is available in 1 quart and 1, 2, 3, 5 and
30 gallon containers.

QPL
No.

NOTES

(1) Do not use this adhesive for bonding floor coverings to
steel.
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0-S-605 SODIUM SILICATE SOLUTIONS
Issue: 1 September 1960 Revision: b Amendment: None

SCOPE

This glue is intended for (1) sealing paper cartons, (2) affixing
labels to paper and wood, (3) bonding asbestos cloth pipe lagging
and (4) coating asbestos cloth pipe insulation and compression
rubbers on intaglio printing presses.

CLASSIFICATION
The glue is available in three classes.
Class I  40° Baume
Class II 34° Baume
Class III 51.45° (average) Baume

PROPERTIES

CHEMICAL. The glue consists of sodium silicate containing
alkali (expressed as percent sodium oxide) in the following quan-
tities: Class I, 8.5 — 9.4; Class II, 6.0 — 7.0; and Class III, 13.5
— 14.3.

PHYSICAL. The Class I, II and Il glues have viscosities of
85-550, 125-340, 1200-3000 centipoises at 25 C and specific gravi-
ties of at least 1.380, 1.283, 1.540-1.570, respectively.

PROCESS. The glue is applied-by brushing, the joint closed
(except Type IlI, see Note section No. 3) and cured at room temper-
ature under contact pressure (no time specified).

PERFORMANCE. No performance properties are given.
FORM

The sodium silicate glue is available in 5 and 55 gallon con-
tainers.

QPL
No.

NOTES

(1) UseClass I for sealing paper cartons, affixing paper labels
to paper and wood and coatingasbestos pipe insulation and cement.

(2) Use Class II for adhering asbestos cloth pipe lagging and
subsequent coating,

(3) Use Class IIl for surface coating compression rubbers on
intaglio presses to prevent listing of printing sheets.
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U-C-133 CAVITY LINING AND THINNER SET, DENTAL

Issue: 14 August 1947 Revision: b Amendment: None
SCOPE

This set is intended as a lining material for dental cavity walls
and as a varnish for silicate cement restorations.

CLASSIFICATION
One type only.

PROPERTIES

CHEMICAL. The cavity lining consists of a solution composed
of unspecified resins, plasticizers and solvents. The thinner is an
unspecified volatile solvent.

PHYSICAL. The lining is turbid white with a pale pinkish-tan
or yellow tint (see Note Section No. 1). The thinner is colorless,
immiscible with water, free from unpleasant or irritating odors and
not caustic to pulp tissue.

PROCESS. The thinner is added to the cavity liner, if neces-
sary, the mixture applied by brushing and cured at least two minutes
at mouth temperature under contact pressure.

PERFORMANCE. The film is tough, nontacky after two min-
utes air deying, waterproof, noncontracting, and will not lose adhe-
sion from glass or change color or translucency after air drying 25
seconds followed by immersion in distilled water for 30 minutes.

FORM

The liquid cavity lining and thinner materials are each avail-
able in % ounce sealed wide-mouth bottles containing not less than
than 14.8 ml of material.

QPL
No.

NOTES

(1) The yellow color is no darker than one equivalentto a solu-
tion composed of 18.0 grams ferric chloride hexahydrate, 2.5 ml ACS
concentrated hydrochloric acid and 100 ml of USP purified water.

(2) This cavity liner provides a film-type lining which insu-
lates the pulp from the restorations.

(3) The cavity lining solution is suitable as a protecting cover-
ing over silicate restorations.
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U-C-198 CEMENT, COPPER AND ZINC PHOSPHATES,
DENTAL

Issue: 23 January 1957 Revision: a  Amendment: None

SCOPE

This cement is intended for the restoration of deciduous teeth
where potent germicidal action is desired.

CLASSIFICATION
One type only.

PROPERTIES

CHEMICAL. The cement consists of two components. The solid
component is composed of zinc oxide and at least 25 parts cuprous
oxide. The liquid component is composed of phosphoric acid. The
arsenic content of the mixed cement is not more than 0.0002%.

PHYSICAL. The cement when mixed in accordance with the
standard consistency batch (see Process Section) compresses, three
minutes after mixing under a load of 33 pounds over two square cen-
timeters of mixed cement, to afilmthickness of 0.0016 inch measured
10 minutes after mixing.

PROCESS. The cement is activated by mixing the liquid and
powder components, applied with a condenser and cured at mouth
temperature under contact pressure. For establishing proper consist-
ency, the amount of powder necessary for each 0.5 ml liquid is de-
termined when a 0.5 ml quantity of mixed cement is compressed into
a circle of 30 mm diameter under a 120 gram weighted flat glass plate
load for seven minutes when applied three minutes after starting
the mix. No gas is evolved during mixing and the cement sets be-
tween four and ten minutes at 99 F.

PERFORMANCE. The cement has a water-wet compressive
strength of at least 15,000 psi, seven days after mixing. The set
cement {one hour at 99 F) does not lose more than 0.20% weight
after seven days immersion in 99 F' water.

FORM

The cement powder, unless otherwise specified, is available
in one ounce bottles and the proper quantity plus 20% excess of
liquid is available in sealed glass bottles.

QPL
No.

NOTE

(1) This specification is similar to American Dental Associa-
tion Specification No. 8, ““Dental Zinc Phosphate Cement”’.
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U-C-205 CEMENT, SILICATE; AND ACCESSORIES

(DENTAL)

Issue: 13 February 1951 Revision: a  Amendment: None
SCOPE .

This cement is intended for the restoration of anterior teeth,
CLASSIFICATION

The cement is available in six shades.

Shade 1 Light Shade 4 Medium yellow-gray

Shade 2 Light yellow Shade 5 Medium gray

Shade 3 Medium yellow Shade 6 Light yellow-gray
PROPERTIES

CHEMICAL. The cement consists of two components. The solid
component is composed of a silicate powder containing a pigment.
The composition of the liquid component is not given. The water
soluble arsenic content of the mixed cementis notmore than 0.0002%.

PHYSICAL. The opacity, represented by the contrast ratio
C0.70, is between 0.35 and 0.55.

PROCESS. The cement is activated by mixing the liquid and
powder components, applied with a condenser or spatula and cured
at mouth temperature under contact pressure. For establishing proper
consistency, the amount of powder necessary for each 0.4 ml of lig-
uid is determined when a 0.5 ml quantity of mixed cement is com-
pressed into a circle of 25 mm diameter under a 2500 gram weighted
flat glass plate load for eight minutes when applied two minutes after
starting the mix. The cement sets between three and five minutes
at 99 F.

PERFORMANCE. The cement has a water-wet compressive
strength of .at least 23,000 psi, 24 hours after mixing. The set ce-
ment {one hour at 99 F) does not lose more than 1.4% weight after
24 hours immersion in 37 C water.

FORM

The cement powder, unless otherwise specified, is available
in % ounce bottles and the proper quantity plus 20% excess of liquid
is available in leakproof glass containers.

QPL
No.

NOTE
{1) This specification is similar to American Dental Associa-
tion Specification No. 9, ““Dental Silicate Cement”.
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U-C-208 CEMENT, ZINC OXIDE AND EUGENOL, DENTAL

Issue: 11 March 1957 Revision: b Amendment: None
SCOPE

This cement is intended for (1) cementing orthodontic bands,
(2) dressing seals, liners or steps under silicate and metal restora-
tions, (3) temporary fillings and (4) general cementing operations.

CLASSIFICATION
One type only.

PROPERTIES

CHEMICAL. The cement consists of two components. The solid
component is composed of USP or NF zinc oxide powder. The liquid
component is composed of eugenol. Either the zinc oxide or eugenol
component contains an unspecified, nonmetallic germicidal agent.

PHYSICAL. The zinc oxide and eugenol when mixed is white
or light ivory in color, opaque to X-ray and is nontoxic.

PROCESS. The cement is activated by mixing the zinc oxide
and eugenol components, applied with a condenser and cured at mouth
temperature under contact pressure. For establishing proper consist-
ency, the amount of zinc oxide necessary for each 0.4 ml of eugenol
is determined when a 0.5 ml quantity of mixed cement is compressed
into a circle of 25 mm diameter under a 2500 gram weighted flat
glass plate load for seven minutes when applied three minutes after
starting the mix. No gas is evolved during mixing and the cement
sets between four and ten minutes at room temperature and between
three and five minuntes in the mouth.

PERFORMANCE. The cement does not irritate soft or hard oral
tissues or discolor tooth structures. It has a water-wet compressive
strength of at least 1000 psi, two 